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ABSTRACT 


A native sulphur bearing surface ore deposit occurs in northern 
Alberta of sufficient quality to warrant feasibility studies into the 
economic aspects of recovery of the brimstone values. A simple pro- 
cessing scheme is desirable since the deposit is located in a remote area. 

Experimental work, using a synthetic ore, has shown that a 
solvent extraction approach meets this simplicity concept. The use of 
kerosene, on account of its availability and cheapness as the sulphur 
solvent, is demonstrated. High purity sulphur can be produced by this 
method but solvent losses in the ore wastes are excessive. 

The profitability of this route was examined with the aid of a 
computer simulation model. The optimum processing conditions established 
yielding the lowest operating costs show that, for a plant producing 200 
tons per day of 99.5% pure sulphur, an estimated production cost of $19.68 
per ton is incurred. With the currently depressed market it is concluded 
that manufacturing sulphur by this method would not prove to be a 
profitable venture. 

It is suggested that further work be suspended until such time 
as the market situation improves. Any future investigations should be 
undertaken on the Alberta ore and include a study into the reduction of 


the solvent losses. 
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CHAPTER I 


INTRODUCTION 


Traditionally much of the world's elemental sulphur has been 
produced by the Frasch Process (37)(38) from the so-called "salt domes" 
situated on the Gulf Coasts of Texas and Louisiana (71)(42). Faced 
with the depletion of these reserves, brimstone manufacturers have been 
actively examining other sulphur bearing materials for profitable 
exploitation. Consequently they have devised several processing tech- 
niques to handle a wide variety of raw materials such as smelter off- 
gases rich in sulphur dioxide, gypsum, hydrogen sulphide from the 
purification of natural gases and native sulphur-bearing ore deposits 
of volcanic or sedimentary origin. 

Ore deposits constitute a significant proportion of the known 
brimstone reserves and occur in numerous parts of the world, either in 
widely scattered outcrops or concentrated veins. Many of these ore 
bodies are of insufficient grade or quantity to be profitably workable. 
Nevertheless, in the Fort Vermilion-Fort McMurray region of northern 
Alberta (2 )(7 )(60) an elemental sulphur surface deposit has been 
found of high enough quality to warrant further study. 

The sulphur, in this ore body, is believed (60) to have been 
formed by bacterial action on gypsum strata located beneath the earth's 
surface and then brought to the surface by circulating meteoric waters. 
Oxidation of gaseous hydrogen sulphide, also produced in this biogenic 


process, may be responsible also for some of the deposited sulphur. 
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Thus the deposit principally contains native sulphur, in widely 
varying proportions, and gypsum, together with small amounts of frag- 
mented calcite, all of which combine to give the material a yellowish 
soil-like appearance. As it occurs mainly in close proximity to springs 
and streams, this ore naturally contains a high quantity of moisture, 
sometimes making it quite muddy in consistency. 

Up to 1968, brimstone had been in short supply for a consider- 
able period resulting in its price rising to about $35.00 per ton (16). 
Because of this market situation, work was started to investigate the 
feasibility of recovering the sulphur from the Alberta ore. 

Since this is a surface ore, it is not amenable to processing 
by the Frasch Method which requires an environment able to withstand 
high pressures i.e. the sulphur must occur deep in the ground. There- 
fore an alternative benefication technique is desirable. For ore bodies 
solvent extraction, sublimation of the sulphur and hot water auto- 
claving represent some of the approaches that have been developed. It 
is possible that one of these methods can be adapted to process this 
ore, 

As the ore body occurs in a remote location any production 
facility, at best, should comprise the simplest handling equipment. 
Resort to a continuous low pressure and temperature processing route is 
indicated, thus eliminating the use of steam and expensive coded 
pressure vessels. This concept will form the basic design philosophy 
of any unit proposed for construction in the area. 


The aim of this study is, then, to develop a process for the 
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recovery of sulphur contained in the surface ore body. Such a process 
must be competitive with other methods but remain within the confines 
of the design philosophy and peculiarities of the raw material itself. 
Preferably the sulphur will be produced in its elemental form, rather 


than as sulphur dioxide or sulphuric acid. This will minimise 


marketing problems and expenses. 
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CHAPTER II 


LITERATURE SURVEY 


Introduction 

This survey outlines methods of brimstone recovery from native 
ore bodies which cannot be processed by the Frasch technique. The 
drawbacks of each method arising from design philosophy considerations 


are also discussed. 


Thermal Methods 

Because sulphur boils at 832°F and is readily evolved from an 
ore matrix, vaporisation followed by condensation offers one way of 
recovery provided the high energy requirement can be met cheaply enough. 
As the ore body is situated near plentiful fuel supplies, a plant 
located at the deposit utilising this route would, at first sight, 
appear to be most promising. 

One of the simplest methods examined (33) uses the fluidised 
bed principle which is suited to continuous operation and provides good 
thermal characteristics. Briefly, this process treats crushed ore, 
which constitutes the bed solids, in a bed fluidised by hot air. The 
bed temperature is maintained well above the boiling point of sulphur 
so that the formation of highly viscous, poorly heat conductive liquid 
sulphur is minimised. This is achieved by rapid transfer of heat to 
the incoming feed. Once the sulphur has been vaporised the gas stream 
passes to a cyclone for dust removal prior to entering a condenser. 


Here the liquid sulphur product is withdrawn. The sulphur free gases 
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are then partly recycled, to e€ffect heat economy, and partly vented. 
The spent ore or gangue is discharged from the bed directly for dis- 
posal. 

The bed operating temperature is obtained by burning some of 
the sulphur :contained in the ore with air during fluidisation. Not 
only is this procedure wasteful in sulphur values, it also unneces- 
sarily creates sulphur dioxide which when vented causes serious atmos- 
pheric pollution; there being no vent-gas cleaning facilities specified 
for the plant. One way of overcoming this problem, although suggested 
in the article but not elaborated upon, is to use flue gases as the 
heating and fluidising media. However these gases may still contain 
sufficient oxygen, due to incomplete combustion, to enable sulphur 
dioxide to form. Another reason against the use of air is the severe 
explosion hazard resulting from excessive dusting caused by particle 
attrition in the bed. 

Hartley et al ( 40), in their process employing a raked hearth 
furnace, describe the use of flue gases, as the heating media, directly 
in contact with the ore. The sulphur laden gases are then passed to a 
condenser.for sulphur recovery. Again the problem of atmospheric pol- 
lution arises, With this approach the complexities of the mechanical rake 
drive and the air cooling system for the rake arms are also apparent. 

Thus it can be seen that directly heated ore charges are not 
advisable in view of sulphur dioxide formation. An indirectly heated 
process has been presented by Dale (30) who recommends heated pebbles 


in direct contact with the raw materials contained in an externally 
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heated paddle trough conveyor as the most satisfactory method. Poten- 
tial operating troubles can be envisaged with the extensive amount of 
mechanical handling equipment specified, i.e. conveyor air locks, 
screens to separate the pebbles from the waste products, and a pebble 
elevator for loading the pebble heater. The formation of ore agglo- 
merates, caused by adhesion of viscous molten sulphur covered particles, 
resulting from low heating rates are also a distinct possibility. 

One of the major disadvantages of the above processes is dust 
carry-over contaminating the product. Dusting is excessive under all 
except quiescent conditions and still causes serious problems (51) 
although a cyclone is claimed by Hartley to be satisfactory in re- 
ducing contamination. At present, the only effective way appears to be 
filtering the molten sulphur(72) immediately it leaves the condenser. 

Another problematical aspect of this route is the operation of 
the sulphur condenser. It has been experienced, notably in Claus 
Process operations, that not all of the sulphur will be condensed. 

Some of it will escape to the atmosphere as a mist. Such escapes 

serve to reduce the sulphur recovery and create undesirable atmos-~ 
pheric contaminants. Blockages caused by the brimstone solidifying are 
also commonplace. 

To summarise the thermal routes are not suitable for processing 
the Alberta material. They require sophisticated machinery and cause 
atmospheric pollution. In addition product purity may be below 
specification due to dust carry-over, without further treatment. On 


heating the Alberta ore, because of its soil-like nature, any organic 
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matter present will decompose adding further purity problems, On closer 
examination, the reported vaporisation methods conflict not only with 
the need for simple equipment but also governmental pollution standards. 


Therefore they are not recommended for further study. 


Melting Techniques 


An alternative way of employing a sulphur phase change to re- 
cover sulphur values from an ore is to melt the brimstone particles by 
indirect heating and allow them to agglomerate and drain from the 
gangue solids. This method does not require as much heat as the 
vaporisation routes ‘and should be more attractive since production 
costs ought to be substantially less, This approach has been tried on 
several occasions (51)(56) but experience has shown that only part of 
the brimstone drains away, the remainder being held in the ore inter- 
stices. Also any solid fines present in the feed tended to contaminate 
the liquid product without further purification. Thus recovery and 
product purity were low and the heat utilisation poor since none could 
usefully be recovered from the gangue or product. 

A more successful approach has been an adaptation of the Frasch 
Process. The ore is treated in a heated liquid media at a temperature 
just above the melting point of sulphur. The molten product is then 
separated from the ore wastes and sent to storage. In fact, most of 
the processes developed use hot water as the heating fluid. In order 
to attain the desired temperature, without causing the water to boil, a 
Pressure Of AbDOWt.o5 pre -l.g. us needed. 


Probably the most successful process devised is the one offered 
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by the Chemical Construction Corporation (23 )( 36 )(56 ). Essentially 
the operation consists of crushing and grinding the ore to -28 mesh 
size and forming a slurry of about 25% wt. solids with hot water. The 
slurry is pumped into a special autoclave, preferably a stainless steel 
coil. Here steam at 50 p.s.i.g. is introduced to supply the necessary 
heated forsoméel ting» thes sulphur... Thesfunction. of the coil is’ to: provide 
extremely turbulent flow conditions thus aiding the melting and agglo- 
meration of the sulphur particles. The hot mixture containing water, 
liquid sulphur and gangue is then cooled rapidly by cold water injection 
prior to separation of the resulting solid brimstone spheres by flo- 
tation. Finally the flotation concentrates are melted, again using 
steam, and filtered before being sent to a storage pit. As large 
quantities of hot water form an important part of this recovery 
Operation, recycling the water overflows from thickeners handling the 
flotation stage tailings is carried out. This conserves not only water 
but heat as well, significantly reducing manufacturing costs. Brim- 
stone recovery is claimed to be above 90% with a purity of 99.5% or 
better. 

Another process outlined by Benz (15) employs the same steps 
as above but uses different and more complex process machinery. 

McGauley,,;in two patents, (57 )(°58 ), describes a hot water 
method in which concentration of the agglomerated sulphur particles by 
flotation and the subsequent remelting and filtering steps are 
eliminated. In his process the crushed and ground native sulphur 


bearing material is slurried with hot water and heated with steam under 
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pressure as before. The mixture of water, liquid sulphur and gangue is 
then transfered to a centrifuge where the solids are removed. The water 
and sulphur are passed to a separating tank, the water being recycled 

to the centrifuge to improve the washing of the molten sulphur from the 
tailings and to the slurry mixing tank. Once the centrifuge is full of 
solid wastes, the feed is stopped and its basket emptied after a final 
water wash and drying operation. 

The second patent discusses an improvement to the method so 
that ores containing clay-like or colloidal fines in addition to the 
more common ones of volcanic origin can be treated. It had been ob- 
served in the centrifuging operation that unless these fines were re- 
moved before this stage, the gangue solids became impervious to drainage 
and thus some product was lost. Fines removal is claimed to be effective 
if immediately prior to centrifuging the three phase mixture is intro- 
duced tangentiaily into a separating tank thereby imparting a swirling 
motion to the materials. The fines will then preferentially concentrate 
in the water layer and can be easily disposed. 

Still another technique (47 ) uses a water slurry initially but 
heats it at high pressure (about 200 p.s.i.g.) to a temperature above 
the boiling point of sulphur so that a dispersion of ore solids in a 
vapour media is created. The highly turbulent flow conditions created 
result in the attrition of the raw materials so that the sulphur is 
exposed and more easily released. The sulphur-free waste is separated 
cyclonically and the gases cooled in a partial condenser to yield 


molten sulphur. Steam from this condenser then passes to the feed 
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slurry preheater and the condensate formed provides the water needed 
for making the slurry. Comparing this method to the others already 
discussed, it is apparent that the unnecessary heating of the ore above 
the melting point of sulphur with the corresponding need for high 
pressures results in higher manufacturing costs. Thus the use of high 
operating pressures renders this route unacceptable for processing the 
Alberta ore and therefore will not be further studied. 

One of the reasons aiding» the development of the hot water 
HOUEehIsMthat theshigh®surface tension of liquid sulphanm tends ito 
prevent it from wetting the gangue, in the presence of water. This re- 
duces the amount of sulphur retained in the solid pores which would 
otherwise become unrecoverable. However, Lewis and Tisdell (51) report 
that brimstone retention on the gangue continues to be troublesome 
although handling improvements have reduced this to a more tolerable 
level. 

Other melting methods that have been tried have used calcium 
chloride solutions { 1)(19), Zine chloride solutions (13) and 987 
sulphuric acid (23 )G6) as the heating fluid. As these liquids 
boil at temperatures above the melting point of sulphur the separation 
was undertaken at-atmospheric pressure. Hence pressure vessels were 
not required. However these approaches necessitated corrosion resistant 
materials (35) and have not been found as tractable as the hot water 
route. 

A major disadvantage of any melting approach, whether it is on 


a batch basis as practised in Chile (14)(40) or on‘a continuous 
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basis like the Chemico Process, is the need for equipment that will be 
corrosion resistant. The process vessels must be resistant not only 
to, say, hot water but also sulphur dioxide and hydrogen sulphide which 
are formed in small amounts. This inevitably requires stainless steel 
pipework and lead and acid proof vessel linings which, of course, adds 
Significantly to the initial capital expenditure required. This fact 
together with the extensive use of steam and resulting elevated 
pressures, does not meet the design requirements and therefore this 
method cannot be advised for a unit proposed for construction in 


NoOLiLhnernwyAl betta. 


Froth Flotation Methods 

As indicated in the previous section, froth flotation is used 
to concentrate agglomerated brimstone particles before finally 
filtering to achieve the desired product purity. With this in mind, 
flotation as a benefication method has been examined for its suitability 
as the major step in a recovery route. 

All the relevant papers reviewed (14)(41)(49) suggest froth 
flotation is satisfactory as the primary benefication stage. Fil- 
tration of the concentrates must be included as a final step to yield 
a marketable product other than that suitable as a soil conditioner. 

To prepare the ore in a suitable form for floating, fine 
grinding to -200 mesh size is necessary to release the sulphur par- 
ticles. However even then microscopic studies ( 36) have shown a large 
amount of the sulphur is still bonded to the gangue. Bonding, as well 


as occuring naturally, can be caused by the grinding operation melting 
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the sulphur particles by friction heating and allowing them to agglo- 
merate. This tends to produce a material that is not as manageable as 
it was originally. 

Fine grinding normally results in much of the brimstone re- 
porting as fines in the feed material. Though sulphur is considered to 
be a natural floater, it will, when present as fines, tend to stabilise 
the froth bubbles. The selectivity of the process is therefore reduced 
and consequently the sulphur content of the concentrate is lowered. 

The floating of the sulphur is usually carried out in an 
aqueous media in the presence of an alcohol frothing agent such as 
methyl isobutyl carbinol. It is used either alone or with kerosene 
acting as a collector and trisodium pyrophosphate as a dispersant. 
Normally the collected concentrate assays between 75% and 80% sulphur 
by weight and contains 90% of the original sulphur present in the feed. 
Because of contamination by gangue fines a final melting and filtration 
stage is required to produce on-grade brimstone. Usually steam has 
been employed in the melting operation. 

Another of the problems associated with grinding is the ex- 
plosion hazard due to dust formation. Also from an operational aspect 
the power consumption for grinding becomes excessive with the de- 
creasing particle size required. An economic compromise must therefore 
be made between the particle size produced and the grinding costs. 

Tests on the Alberta ore (50 ) have shown flotation will pro- 
duce an enriched concentrate but as is usually experienced the grade 


failed to meet acceptable purity standards. Lewis and Tisdell (51) and 
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Bradley (17 ) have pointed out that flotation may offer considerable 
monetary savings in any process that can operate on flotation concen- 
trate material. This is the case in some Chilean operations (14). 
Whilst froth flotation has been proved not to produce brimstone of a 
purity satisfactory to most consumers in one step, its incorporation in 


a manufacturing route, if economically viable, is a distinct possibility. 


Solvent Extraction Methods 


As outlined in the introductory remarks, solvent extraction 
offers another method of brimstone recovery. Briefly, solvent ex- 
traction consists of dissolving the sulphur content of an ore in a 
Suitable solvent at elevated temperatures and separating the solid 
wastes from the now sulphur rich solvent. The temperature of the 
solution is then lowered so that the change in solubility will cause 
the brimstone to precipitate out of solution. Recovery of the solvent 
from the tailings and product for reuse by washing, vaporisation or 
filtration completes the operation. Discussion relating to this route 
can be found in several patents and literature articles covering the 
application of many different solvents. Figure 1 illustrates this 
process diagrammatically. 

Gas oil, for example, has been used as the extraction agent in 
an experimental batch process described by Ekonomopoulos (35 ) in which 
ore is treated at a temperature in excess of the sulphur melting point. 
Such a temperature is advised because it is claimed that sulphur, in 
its liquid state, is more readily soluble than in the solid form. How- 


ever, this fact is not completely substantiated by Simpsom (73). 
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He illustrates the use of gas oil and other aliphatic hydrocarbons in 
a) (con tinuous (co-current contaci process’. ‘Im <cthis  process»predried, 
finely divided ore is mixed, in a paddle type extractor, for about fif- 
teen minutes with the required amount of solvent at 265°F, in order that 
complete sulphur dissolution and a fully saturated solvent is assured. 
Then the solids are filtered off and the hot solvent cooled. The 
sulphur crystals formed are subsequently collected by filtration. 

An earlier and more detailed patent (18) and review article 
( 17 ) by Bradley present a very similar process to the above. The 
main difference being the solvent recommended is an aromatic hydro- 
carbon based mixture and is counter=currently contacted in a helical 
screw conveyor with the feed material. Because solvent recovery is 
considered to be an important factor in the economic operation of this 
equipment an elaborate vacuum system has been described. It is in- 
tended that the residual solvent adhering to the tailings and sulphur 
product are removed essentially by vacuum filtration. Other parts of 
the process where solvent vapors are likely to be formed are similarly 
connected to a vacuum condenser prior to being returned to the solvent 
circulating streams. 

An equally important aspect of economical operation, which 
appears to have been overlooked, is that of heat recovery. 
An obvious place, where savings could result, would be to par- 
tially cool the rich solvent by preheating the cold lean solvent before 
finally cooling with water to crystallise the sulphur. In this case 


water has been used indirectly to completely cool the solvent. This 
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has been noted as being a troublesome procedure since sulphur crystals 
have a tendency to grow on vessel walls rather than in the bulk liquid 
phase. Direct water injection as practised by McDonald (55) could 
alleviate this problem. Another poor feature of this technique is, in 
Dunning's (32 ) opinion, the screw flight contactor cannot provide 
sufficient agitation for satisfactory mass transfer of the sulphur to 
occur in the vessel residence times specified. Incidentally, Dunning 
advocates the use of an apparatus remarkably similar to Bradley's! Thus 
it can be said of the above approach that while the concept is func- 
tional the processing hardware leaves much to be desired. As out- 
lined it opposes the Alberta unit's design philosophy due to its 
mechanical complexity and has certain inherent extraction inefficiencies. 

Recently a new solvent extraction process developed by the Dubow 
Chemical Company (66 ) has been announced. The sulphur is leached with 
a hydrocarbon solvent e.g. kerosene, the wastes separated and the preg- 
nant solvent cooled. Any entrapped solvent is recovered by a "special 
technique" from the sulphur product and is instrumental in reducing 
solvent losses to a minimum. Details of this route, which is claimed 
to be competitive with other methods, are rather sketchy at the present 
time and it has only been mentioned for completeness. 

Other solvents that have been suggested include organic poly- 
sulphides such as dithiodiglycol, a bis- (alkanol) disulphide ( 21) 
and chlorinated hydrocarbons like perchlorethylene (55), and o- 
dichlorbenzene (18 ). Since these solvents tend to be expensive 


their use is not really practical from an economic standpoint due to 
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high costs arising from making good. losses occurring in the tailings and 
product streams. Other difficulties, particularly with perchlorethylene, 
include the formation of azeotropic mixtures with the water content of 
the ore which can be difficult to separate. This constitutes an 
additional cause of solvent loss. An increase in viscosity as the 
solvent becomes more saturated with sulphur has also been found to be 
problematical in unit operations (21). 

Mention of chlorinated hydrocarbons leads onto a review of a 
recently reported process (9) thought to be offered by Parsons 
(8). Finely divided ore is mixed’with the solvent in an 
agitator and the gangue separated by a water wash. The sulphur is 
then precipitated by direct cold water contact. Product purity is 
claimed to be 99.5% or better and the recovery in excess of 90%. 

Solvent losses are minimised by steaming the tailings and product, 
before disposal, and condensing the vapors before recycling. Once again 
processing details are sparse so that a meaningful assessment cannot 
easily be made. An alternative to steaming for solvent recovery would 
have to be devised for a plant proposed for the Fort Vermilion area. 

Use of a hot inert gas has distinct possibilities. 

Finally, carbon disulphide, because of its great dissolving 
power for sulphur, has been tried as a solvent but without much success 
mainly on account of difficulties arising from its disagreeable odour 
and extreme volatility. As a result of this readiness to vaporise, the 
processing technique employed is somewhat different to that applied to 


the other solvents so far considered. 
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Hutchins and Zwayer ( 43 ) describe in detail a method whereby 
crushed ore is contacted with heated carbon disulphide and the sulphur 
dissolved in an extraction column. The rich solvent is then evaporated 
in a still with steam at about 300°F and 53 p.s.i.g. and the molten 
sulphur collected as a bottoms product. The overhead vapours are con- 
densed and the solvent returned, after separating by gravity any water 
present, to the extraction stage heater. Because of the solvent's un- 
pleasant smell, measures are taken to prevent any vapour escapes and 
include an activated carbon adsorber connected to several parts of the 
plant where vapour build-up is likely to occur. The disulphide is re- 
moved by the charcoal and is periodically recovered by steaming. 
Occluded solvent in the gangue is similarly recovered by steaming or 
hot water treatment, 

A process resembling the above has been suggested by Egbert 
( 34 ) and Kemp (47 ) indicates his previously discussed route is 
suitable for carbon disulphide usage. However, this method, in addition 
to the operational problems outlined before, suffers, as do all the 
techniques advocating carbon disulphide, from the fact that the di- 
sulphide is prone to electric shock and explosion since its ignition 


point is very low. Another drawback is the high toxicity represents 


05 


danger to operating personnel in cases of leaks. Still another dis- 
advantage is that the sulphur product no matter how treated retains the 
nasty odour of the solvent making it more difficult to market. These 
points coupled with the extensive use of steam, although the need for 


such high pressures cannot be explained, make the adoption of a carbon 
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disulphide processing route unlikely in this study unless a novel 
handling method can be developed. 

A problem peculiar to solvent extraction approaches is that 
chemical reactions are known to take place between many of the solvents 
employed and sulphur. Therefore average extraction times and ex- 
traction temperatures have to be such that this occurrence is mini- 
mised. None of the reviewed material discussed this point in detail 
except one (9 ) where special additives are mixed with the solvent to 
inhibit the reactions. In any process development work utilising the 
solvent extraction method, this aspect will have to be closely 
examined. If unchecked expensive solvent losses and reduced sulphur 
recoveries could occur. 

From this survey on solvent extraction methods it can be said 
that recovery by this means offers a convenient way of producing 
quality brimstone with a high degree of recovery. As some of the sol- 
vents i.e. the hydrocarbons are readily, and therefore cheaply, avail- 
able in the deposit area, the route is possibly more suited for pro- 


cessing the Alberta ore than the other reported methods. 


Discussion 

To conclude the literature review it is considered that some 
general comments applicable to the processes studied and the raw 
material itself are warranted so that a reasonable basis for further 
investigations can be formulated. 

First, it is interesting to note that all the processes reviewed 


include a crushing stage. Whilst this is necessary for ores of volcanic 
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origin it is believed that for the ore in question, because of its 

friable nature, this operation can be eliminated. As a result con- 
siderable savings could be achieved not only in the initial capital 
expenditure but in production costs as well. 

The moisture content of the ore is crucial in determining the 
process heat requirements and some form of drying prior to the recovery 
operation is advisable. Some authors (17 )(40 ) have indicated that 
this is a relatively easy operation but Dale (30) maintains that there 
is no suitable equipment currently available for this duty. Thus in 
this study this point will have to be resolved. 

The possibility of finding a market for the gangue solids also 
warrants attention if as Kemp (47 ) points out any gypsum present can 
be used to make plaster or cement fairly easily. 

Of the processes examined some improvement in heat utilisation 
could result in reducing the operating costs to a lower level. As 
previously indicated this aspect of the manufacturing operation seems 
to have been neglected particularly in the thermal and solvent ex- 
traction methods. 

Another major improvement would be to reduce the amount of 
mechanical handling of the materials which forms such a large part of 
the reported techniques. These handling steps are considered to be 
both troublesome and costly to operate. 

From the above survey it can be said that for the purposes of 
this study solvent extraction most closely approaches the design philo- 


sophy albeit with some modifications to reduce the equipment com- 
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and operating difficulties. It is claimed (51) that the pro- 
costs will be somewhere between those of the Frasch process 
gypsum based process which suggests the final developed method 


comparable economically to other routes currently practised. 
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CHAPTER III 


SOLVENT SELECTION 


In order to develop a production method for brimstone within 
the design confines outlined earlier and applying the general con- 
clusions taken from the literature review, it is necessary to make a 
preliminary selection of suitable sulphur solvents before undertaking 
a detailed experimental study. Selection at this point will be 
carried out on the following basis: 

a) solubility of sulphur in the solvent 

b) chemical properties of the solvent 

Ce) accost 

d) handling requirements, and 

e) availability. 
Ideally, the solvent will be readily available, have a low cost, have 
few handling problems and be relatively inert chemically. 

Solubility of sulphur in many materials is fully covered in two 
references (€'52 3:¢°75%) andvfrom these the initial choice of ‘solvent 
can be made. Based on the maximum differential thermal solubility of 
sulphur, compounds such as carbon disulphide, carbon tetrachloride, p- 
dichlorobenzene, benzene, toluene, quinoline (39) and cyclohexane (20) 
can easily be selected as possible solvents. Also materials like olive 
oil, kerosene and gas oil deserve further study. 

On examining their chemical properties some of these substances 


can be deleted from this selection. Quinoline, for instance, decom- 
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poses in the presence of water and is unsuitable in view of the fact 
that the ore is known to contain a certain amount of moisture. 
Similarly p- dichlorobenzene can be eliminated for under ambient con- 
ditions it is a solid. However the majority of these solvents can be 
discarded on account of their initial high cost. This cost is signi- 
ficantly influenced by the remote location of the ore body. Hence the 
processing operation would, if such solvents were employed, be un- 
economic should even the smallest losses be allowed to occur. 

As the deposit is located near plentiful, low cost supplies of 
petroleum products and carbon disulphide, the choice of solvent must 
inevitably fall on these materials. The literature survey showed that 
marketable sulphur could be obtained from an ore using any of these 
materials. As a result of the comments of Sax (70) on the toxicity 
of carbon disulphide and preliminary experimental tests, kerosene was 
selected as the solvent to be used in any developed extraction process. 
A higher boiling hydrocarbon such as diesel or gas oil could have been 
used instead of kerosene but was decided against since they more 
readily undergo chemical reaction with the sulphur. In addition they do 
not dissolve appreciably more sulphur per unit weight than kerosene for 


a given temperature. 
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CHAPTER IV 
PROCESS DEVELOPMENT OUTLINE 


At this point it is advantageous to broadly discuss the process 
development work undertaken to provide a background for the subsequent 
chapters in this study. 

From the preceding sections the basic solvent extraction route 
for processing the native sulphur ore has been established. Mixing the 
ore with hot kerosene to dissolve the brimstone constitutes the first 
step. This is followed by separation of the gangue from the rich 
solvent. Finally the sulphur is crystallised and separated from the 
kerosene. Figure 1 .schematically illustrates the process. 

In developing this route experimental work was carried out to 
demonstrate the capability of the processing steps in handling the 
Alberta ore. For example, the mixing and dissolution characteristics 
of the raw material were investigated to find the most suitable treating 
method. Similarly kerosene retention by the solid wastes and its re- 
duction to a tolerable level was examined. Physical data not found in 
the literature was also obtained. In this regard determination of the 
sulphur-kerosene solubility curve should be mentioned. 

From the results of this practical work, the detailed pro- 
cessing route shown in Figure 13 was evolved. Based on this flow sheet, 
a computer plant design program was written to size and cost estimate 
the solvent extraction unit. The plant operating conditions were then 
established by optimising the design to yield the smallest manufacturing 


COsiese 


ssdadad) af: deunets qrbadsd 0d. atiosyédnayba eb 31 tatog afisk mney 7 
gneupsedba 9f3 102 bnvorgiesd s sbivorq 03 nddeg Tabs sizow sremgeloveb I 
.vbuse eidd mt exeaqeds 
siex folivs7x9 igevice stesd efi enoiioss goibedstq Sid more” 
sft gnixtM .bedatidsjes assd asd s1o0 tudqiue a att gnieessorg tot : ‘ 
damit of? aosusitancs spojemizd odd svlogeib o3 PNM tod daiw s10 
daFs 9/2 wor? sugnsg od? to notyessqse yd peed ei etaT .qote 


-_ mov? betetaqse bas beetilsetey1o ai rede ive ont yileni® .insvior _ 
.Se90071q sda esdstieolli «1891 259i f stugli .snseq ts ~ 
: 
09 duo bativ1so esw fxow Isyosmitsqxs otuor eidd .gafgolsveb AE ~ ~~ - 
‘i 


ads got fbosd at aqsda gnieassord sdz te yitlidsqso sd? sdstiamomeb a 


@nisetrotseisio nottuloaetb bas gnixim sdi .slqmexs 109 ozo spasdFA 7 


gnissex3 eldstiue teem 9d3 bait o3 botsgisasvni ovay Lolvadem wet add to 

=9t 239i Boe eodeasw biloe sft vd nottasve1 saseovsd yitefimi2 bodies i: 

ok Bavot gon stsb issieyil .banimsxs cew eves sidstslod #8 03 molsoub 
ady 20 qoi%enimressb bssgox eidd al .bonistdo oes sey oumierea ht odd 
-benoliaem sd bluod2 sy Oiitivion sadsompredgton > 
-o1q beitetsb adi ,asow Isoktoatq ett a # 
<tgede wold 2tia so beast japan =: 18 
sismixes Je00 bas osie of nsitiitw e260 mE 


, 


Whilst it is realised that the experimental aspects and pro- 
cessing techniques of this method are closely interrelated, it is 


proposed to discuss them separately in the coming sections 
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CHAPTER V 


EXPERIMENTAL WORK 


In order to determine the most efficient processing technique 
and to provide design data needed for sizing the handling equipment, an 
experimental programme was undertaken. This chapter describes this 
work. System characteristics arising from the results and their 


bearing on the choice of handling method are also covered. 


Solubility data 


At present there is no sulphur solubility data for kerosene at 
different temperatures in the literature. To measure the sulphur con- 
tent of a saturated kerosene solution several methods are available. 
They include: 

a) crystallisation, 

b) x-ray analysis, 

c) flame photometry, 

d) a light transmission or refractive index method, and 

e) gravimetric technique. 

The first four methods require test solutions for calibration 
purposes containing known quantities of the constituents. In addition 
they present practical difficulties such as maintaining the sample 
temperature at the sulphur crystallisation point so that a fully satu- 
rated solution is assured whilst taking the measurements. The gravi- 
metric approach overcomes these problems although it is somewhat time 


consuming. 
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Essentially, a sulphur saturated solution of known weight and 
temperature is evaporated to dryness, cooled and reweighed. The solu- 
bility is then calculated from the weight changes given the original 
sample container empty weight. 

However in determining solubilities with this approach, there 
are two sources of error that have to be accounted for. The first of 
these is due to the time involved in weighing the sample. Because the 
sample is normally at a temperature in the range of 130°F to 195°F, some 
of the kerosene will vaporise in this period. This results in a measured 
weight that is lower than the true value and hence will yield a higher 
calculated solubility value. To gain some idea of the magnitude of this 
error, tests on the weight change of a solvent sample of known tem- 
perature. “standing sinvainiwitherespectitto itime were carnied out. 
Sampling time was considered to be zero and weighings were noted relative 
to an elapsed time from the instant of sampling. From this data, a 
fictitious weight for the point of sampling was calculated using a 
difference table technique described by Conte (26). To calculate the 
correction factor to apply to a sample weight actually measured, the 
first weight noted in any test was normalised with the fictitious zero 
time weight applicable to that test. Correction factors relative to the 
time taken to obtain the first weight of the sample, t,, are shown in 
table 1. Also shown are correction factors relative to the average 


weighing time, i.e. the mean of all the times taken to obtain the 


Cava? 


first sample weight: in each of the tests carried out. 


The errors indicated were calculated assuming there is an upper 
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and lower limit to the accuracy to which the weight and time measurements 
can be made. In this case weight readings were considered reliable to 
within 0.0005 gm. and time measurements to within 1 second. Once a cor- 
rection factor had been calculated, without allowing for measurement 
limitations, two other factors were then found denoting the maximum and 
minimum deviations from this value. The percentage error shown after 
each of the factors in table 1 represents the maximum difference between 
the correction factors expressed as a percentage of the original factor. 
Thus it can be seen that no significant error exists in the correction 
factor values allowing for measurement limitations. 

The correction factors pertaining to tyye over the temperature 
range examined were incorporated into the solubility calculation, which 
will be covered in more detail later. The reason for using these values 
is that they are considered more representative of experimental con- 
ditions than the factors relevant to sampling times measured for each 
test. From table 1, it can be seen that as the temperature increases, 
the weight correction required also increases. This is explained by the 
greater evaporation rate experienced at higher temperatures. 

The second source of error occurs with the drying of the samples. 
To evaporate the kerosene a fairly high temperature, about 300°F, should 
be used. Sulphur, being a liquid at these conditions, tends to vaporise 
too. This leads to a false dried weight and hence a lower calculated 
solubility value. In order to minimise this possibility a drying oven 
temperature of about 200°F was employed to ensure molten sulphur was not 


formed. Length of drying similarly affects the result because even 
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solid sulphur will sublime under suitable conditions. A check was under- 
taken to estimate this phenomena using an analysis, again, based on the 
difference table approach. The drying time correction factors thus 
determined are shown in table 2. They relate the measured heating time 
for a sample to a specified time interval, usually 45 minutes. These 
factors were also included in the solubility calculation, 

For the solubility measurements the sulphur and kerosene were 
supplied by Imperial Oil Limited. The kerosene had a boiling point of 
360°F,, altlash point of about 140°F and a specific gravity of 0.79% 

Solubility determinations were made at several temperatures 
using solutions that had been stirred for about an hour to ensure com- 
plete saturation. Saturation was achieved in the apparatus shown in 
figure 2 and sample weighings were made on an electric Mettler Balance, 
type H6. 

The calculated solubility values, shown in tables 3 to 9, were 
based on a solution weight allowing for weighing time errors and a dried 
weight corrected for heating time errors, Again an error estimate, as 
outlined previously, was applied to the calculations. The accuracy of 
the results is observed to improve as the solution temperature increases. 
This is because the solution sulphur weights, being greater at higher 
temperatures, are less influenced by the accuracy limits imposed by the 
error estimates, 

A solubility curve plotted from these results is given in figure 
3. The data points indicated are based on a fictitious drying time of 


45 minutes. 
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All the results obtained in this part of the practical work were 
calculated by computer. Appendix I shows the programs, written in 


Fortran IV, that were used for these determinations. 


Thermal gravimetric analys 


Before proceeding with a description of the experiments per=- 
formed in the development of a suitable benefication route, the work 
undertaken to establish sulphur and moisture contents of the ore 
samples available will next be covered. 

Since the quantity of ore samples was limited, an analysis tech- 
nique employing small amounts of material was needed as opposed to the 
usual macroscopic carbon disulphide method (71)(75). A thermal gravi- 
metric approach satisfies this criterion. The method consists of 
placing the sample in a weighing balance scale pan, heating the material 
at a controlled rate and observing the weight change with increasing 
temperature. In the equipment used, a Du Pont type 950 Thermal Gravimetric 
Analyser, this weight change was followed electronically and displayed 
by a pen recorder output, see figure 4. Any volatiie components present 
in the test materials, in this case water and sulphur, will evaporate 
off over distinct temperature ranges. Thus their portion of the total 
sample weight can be identified as a series of weight changes separated 
by plateaus. By noting these changes the composition of the material 
can be calculated. To prevent possible reactions between atmospheric 
oxygen and the sulphur and organic material of the samples, the apparatus 


was continually purged during the heating period with nitrogen. 
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The curve shown in figure 4 was produced by heating an Alberta 
ore sample. The first plateau represents the initial weight of the 
material in the balance pan. The weight change occurring in the tem- 
perature range 80°C to 130°C constitutes the evaporation of the moisture 
content. A possible explanation for such a large range, rather than a 
narrow band about 100°C, lies in heat transfer and diffusion effects. 
In the apparatus, the temperature is measured by placing a thermocouple 
very close to, but not in contact with, the sample. Heating is accom- 
plished by using an electric furnace that completely surrounds the 
balance arm. Thus it is possible the measured temperature represents 
that of the ore surface rather than its interior at any given instant. 
This implies the existence of a temperature gradient within the sample. 
Because of this gradient bonded water present in the centre of the 
solid will be liberated at an apparently higher temperature than is the 
case. The weight change resulting from the evolution of this moisture 
will only be seen once it has diffused out into the purge gas stream. 
One way of minimising this effect would be to reduce the heating rate. 
In these experiments a rate of 15°C per minute was used. However for 
the purposes of these tests only the weight changes are important and 
are not affected by the heating rate. 

Similarly the second weight change results from the sublimation 
of the sulphur content of the ore. Again, due to heating and diffusion 
effects, sublimation occurs over a large temperature range. As the 
temperatures involved are below the sulphur boiling point, these experi- 
ments demonstrate the ease with which brimstone is liberated by subli- 


mation. 
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This interpretation of the curves obtained for the ore samples 
was confirmed by tests on water and sulphur alone. Observed weight 
changes took place in the same temperature ranges to the above. 

In the case of sample #3, which was found not to contain any 
sulphur, a weight loss nevertheless occurred over the sulphur subli- 
mation range. This is thought to represent thermal decomposition of the 
organic material in the ore. This loss is recorded as a linear weight 
decrease extending to temperatures in excess of the sulphur sublimation 
limit. A similar test on garden soil, known not to contain sulphur, 
exhibited the same behavior. An allowance for this material evolved 
over the sublimation range can be estimated by extrapolating the recorder 
trace, produced at high temperatures, back to the onset of brimstone 
evaporation. By applying this correction to the sulphur bearing samples 
the true weight contained in the ore can be found. 

The analysis results of the material examined are summarised in 
tables 10 and 11. The sulphur content was found to vary from 8.0% by 
weight, on a water free basis, to 53.5%. The moisture content was 
approximately 9.0%. This value is considered to be lower than that 
naturally occurring since the ore had been stored for sometime before 
testing and had had a chance to dry. As the moisture level is not 
typical the majority of the analyses estimated the brimstone content 
only. For this reason the results in table 11 are expressed on a water 
free basis. It can be seen that the sulphur content of samples 
originating from the same location varies considerably. Therefore, 


unless many analysis results are available, the average sulphur content 
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of the ore cannot reliably be estimated by the thermal gravimetric method. 
This is due to the very small size of sample required for the analysis. 

Sulphur product purity tests were performed on this equipment. 

In the literature survey it was indicated that the sulphur could be 
separated from the solvent by filtration. This procedure has been sug- 
gested for this extraction route. In order to simulate actual filtration 
conditions, the brimstone analysed was crystallised from a hot kerosene 
solution using a water quench and the sulphur allowed to collect in the 
water phase. This mixture of water and sulphur with occluded kerosene 
was then filtered followed by water washing and air drying of the filter 
cake. Brimstone samples were taken, for analysis, before and after this 
washing operation. 

Since sulphur is not preferentially wetted by water, any material 
evolved in the analysis before the onset of sulphur sublimation must be 
kerosene. This is confirmed on two counts. The indicated temperature 
range over which the first weight change took place corresponded to that 
produced by pure kerosene. By analysing filtered sulphur that had been 
water wetted for several hours demonstrated that water is not retained 
by the brimstone crystals. 

Samples were taken before and after the washing operation so 
that the effectiveness of the wash could be estimated. This infor- 
mation being required to complete material balance calculations around 
the filter. 

An alternative method outlined by Tuller (75) of igniting 


weighed amounts of sulphur and reweighing the solid residues was not 
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used. This was because any solvent contained in the brimstone would also 
be burned and thus not report as an impurity. 

The results of these tests are summarised in table 12, The 
sulphur purity indicated is unacceptable to most consumers. However, 
examination of the analysis trace shows that the impurities are driven 
off below a temperature of 150°C. The remaining trace does not show the 
presence of any other contaminant. As this aspect of the processing 
route is not critical, it is suggested that final drying with hot air or 
inert gas would be sufficient to remove the last of the solvent. 

Some manufacturers (1)(71) claim that visual inspection of the 
sulphur crystals is satisfactory in determining the product purity. 

Very small amounts of impurity are capable of changing the bright yellow 
colour of brimstone considerably. No visible colour difference could be 
established between sulphur crystallised from kerosene and that known to 
be 99.5% pure. This fact supports the above observation that the brim- 
stone is only contaminated by volatile materials and not small quantities 
of solid compounds such as carbon. 

The wash water ratio i.e. the amount of water used to wash a 
unit mass of sulphur product, would appear to be important in reducing 
the kerosene content of the cake. A ratio of 7.65 gave the lowest 
impurity level in the sulphur crystals collected. However a ratio of 
1.0 will be used in the design calculations since it is considered the 
experimentally determined ratio is wasteful in water usage. By careful 
spray design a wash ratio of 1.00 is assumed to be adequate for satis- 


factory product washing. 
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The above crystal preparation and analysis work is of a pre- 


liminary nature and should for actual design work be augmented by 


further data. 


believed to be relatively easy to attain. 


filtration operation may be all that is required. 


A reduction in the solvent content of the product is 


Possibly a more efficient 


Further investi- 


gations are necessary before detailed design work is undertaken. 


The thermal gravimetric analysis technique was also applied to 


estimate the solvent retention by the gangue. 


Once the sulphur had been 


extracted from the ore by the solvent it was proposed to wash the 


solvent-ore slurry with hot water. 


be allowed to separate into a water- 


vent layer. 

In analysing the ore wastes 
kerosene tended to evaporate at the 
of determining the relative amounts 
sample. Thus an alternative way of 
Chi sewn 


solid wastes was needed. 


chapters 


This three phase mixture would then 


gangue slurry and a clarified sol- 


it was found that the water and 
Same time. Hence there was no way 
of these materials present in the 


finding the kerosene content of the 


be discussed in a later part of this 


From this aspect of the analysis work it can be said that pro- 


vided the materials present in a sample have evaporation ranges that are 


widely separated then the method is 


satisfactory. For the case of water 


and kerosene where evaporation takes place partly over the same tem- 


perature range, 


this technique is not recommended. 
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Dissolution rate determinations 

As previously indicated, the ore-solvent contacting methods 
described in the patent literature are suspected of being inefficient. 
Mixing tests with an agitator were tried in the hope that they would 
prove more successful. 

The apparatus used is diagrammatically illustrated in figure 2. 
It consists of a 2000 ml. jacketed reaction vessel, manufactured by 
the Scientific Glass Apparatus Co. Inc., an air driven stirrer and a 
steam-water heater for providing hot water to heat the vessel contents. 
Since the ore samples were in short supply, a synthetic ore of crushed 
sulphur and garden soil intimately mixed together was employed initially. 
The sulphur content was 20% by weight and represented the approximate 
sulphur content of the ore. The particle size of this material varied 
from a % inch size down to dust fines. 

After a known quantity of kerosene had been heated to the desired 
temperature, the artificial ore was added so that a slurry of about 15% 
by weight solids was formed. Stirring was started and liquid samples 
withdrawn at cumulative stirring time intervals that formed a geometric 
progression i.e. after 1, 2, 4, 8, and 16 minutes of agitation. In this 
way the initial rapid dissolution could be followed. Once the required 
stirring time interval had elapsed, agitation was stopped and the solids 
allowed to settle. This was to minimise fines contamination of the 
liquid samples taken. After two minutes settling, the first sample was 
withdrawn followed two minutes later by a second sample. 


Agitation was then restarted. During the settling period it 
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was assumed that none of the sulphur would dissolve in the solvent. The 
samples were analysed for brimstone content by the gravimetric technique 
mentioned earlier. Two samples were taken to provide a consistency check 
on each determination, 

The initial runs made with the synthetic ore showed that the 
kerosene would dissolve the sulphur in a reasonably short period of time. 
Consequently tests were made on the Alberta ore, samples #1 and #5 in 
table 11. The ore used originated in Lambert Creek, about fifty miles 
south-east of Fort Vermilion. The results of all the experiments are 
summarised in tables 13 to 21 and dissolution curves presented in figures 
5 to 8. Table 22 gives details of the slurry concentrations and ore 
types used in these tests. 

From these results it can be seen that both the synthetic and 
real ores exhibit similar dissolution characteristics and required up to 
twenty minutes stirring in order to sulphur saturate the solvent. 
Saturation is shown by the horizontal straight line portions of each 
curve. Agreement, within experimental limits, can be observed between 
these saturation values and those of the solubility curve for the same 
solution temperature. It will be noted that in some cases the kerosene 
was saturated in less than twenty minutes. However, use of this 
stirring period is recommended for design calculations since it will 
provide a margin for error. 

A decrease in the amount of sulphur dissolved in the kerosene 
with prolonged stirring is shown by most of the curves in figures 5 to 


8. During stirring hot solution is continually splashed onto the un- 
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heated parts of the apparatus e.g. the steel cover, see figure 2. Here 
it cools causing the sulphur to crystallise out of solution and adhere 
to the equipment. To maintain a saturated solution more sulphur will 
dissolve from the ore. This takes place until it has all been dis- 
solved. The deposition process, however, still continues resulting in 
the decrease in the solvent sulphur content. 

This reasoning is substantiated by the results of the tests 
carried) out on the artificial ore at 171°F and 185°F, see figures. 6 and 
5 respectively. In these tests 225 gms. of a 20% wt. sulphur ore were 
slurried with 1425 gms. of kerosene. This yielded a 13.7% wt. solids 
slurry. To dissolve all of this sulphur and form a saturated kerosene 
solution a temperature of 173°F or greater is required. At these con- 
ditions the sulphur content of the solvent will be 0.032 gms. per gm. 
of solution. However in the experiments the sulphur content did not 
rise above 0.029 gms. per gm. solution in spite of the temperature con- 
ditions favouring more dissolution. Thus it can be concluded that 
deposition prevented saturation from occurring. 

From the experiments performed using temperatures below 173°F 
it can be seen that the solvent is saturated within a twenty minute 
stirring period regardless of the kerosene temperature. Thus this 
stirring method can be adopted for full size plant operation provided 
the mixing vessel wails are not allowed to cool below the solvent 
saturation temperature. Dissolution temperatures should, of course, be 
sufficient to ensure all of the sulphur contained in the feed material 


will be dissolved. 
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On adding the ore to the kerosene, the temperature was observed 
to drop and then as stirring progressed slowly rise to its original 
value. As the ore was at room temperature and the solvent at about 160°F, 
some decrease in the liquid temperature was to be expected on mixing the 
slurry. The mixing illustrates that no detrimental effects are caused 
by adding the ore in this way and can be advocated for a commercial plant. 

Throughout the dissolution rate experiments, the solution was 
carefully examined for discolorations and the sulphur resulting from the 
evaporation of the liquid samples for tarry residues. Such occurrences 
are considered indicative of a chemical reaction taking place between the 
sulphur and the kerosene solvent. No such observations were made even 
at the highest temperatures employed. It is concluded that the conditions 
prevailing in the experimental runs do not noticeably foster reactions 
between these materials. 

With the Alberta ore it was found, when stirred, to break down 
into very fine particles which on settling become floc like in appearance. 
This material was fed to the mixing vessel without prior crushing and 
its re aes ranged from a maximum of % inch down to dust fines. 
The ease in breaking up on agitating suggests that in any commercial 
unit the crushing step,referred to in the literature, will not be needed. 

From these results it can be said that mixing the ore in the 
manner described will provide satisfactory dissolution of the sulphur 
values of an ore body and its adoption on an industrial scale can be 


envisaged. 
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Mixing power experiments 


The part describing the stirring of the ore indicates that the 
method employed is satisfactory in achieving total dissolution of the 
sulphur values. Therefore, it is necessary to determine the mixing 
power requirements of the ore slurry to enable vessel scale-up calcu- 
lations to be made with a reasonable degree of reliability. Power 
requirements for this slurry type could not be located specifically in 
the literature. Consequently tests were undertaken on several slurries 
of differing solids content to obtain the mixing power data. 

The experimental procedure adopted is described in the Fluid 
Agitation Handbook (6) and by Rushton and co-workers (67) (68)(69). The 
apparatus employed, shown schematically in figure 2, was a Chemineer 
Experimental Bench Agitator, model ELB, consisting of a "standard tank" 
(one with a flat rather than dished bottom) with detachable baffles of 
varying widths, a variable speed electric motor and drive capable of 
providing speeds between 0 and 1175 r.p.m., and a set of different im- 
peller types. For our purposes the flat and pitched bladed turbines 
were used, being recommended (6) as most suitable for suspension duties. 
Also a spring dynamometer was fitted to the impeller shaft so that 
available shaft torque measurements could be taken. Shaft rotational 
speeds were found using a model 1531-A stroboscopic tachometer manu- 
factured by the General Radio Company of Concord, Massachusetts. Experi- 
mentally, slurries of known solids content were stirred in several 
baffled tanks of different diameter using various turbine sizes. 


Rotational speeds sufficient to ensure that the solids were completely 
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suspended were employed. The ore used was an artificial one assaying 
about 25% by weight brimstone. Also varied in these tests was the 
slurry temperature. 

From the shaft torque and r.p.m. measurements, the Reynolds and 
Power Numbers and the motor horse power were calculated by applying the 


following formulae: 


Horse Power H.P.= £ r.p.m.)x(moment arm ins). 


R lds Number N. = 
eynolds Number N, . 


where po : fluid density Ibs_/f£t” 
N = shaft speed esp.s. 
D : impeller diameter ft. 
= viscosity lb /ft.sec., and 


Power Number N_ = Pg 


pND> 
where P : power ft.1b,/sec. 


g : gravitational constant a2 ake 1b. ft/lb, sec? 


A computer program employing the above formulae was written to calculate 
the results of these experiments. The program listing is contained in 
Appendix II and the results shown in tables 23 to 46. 

From this data it can be seen that a six bladed turbine having 
a blade pitch of 45° requires less power for mixing at a given shaft 
speed than an impeller having flat blades. Table 47 summarises data 


illustrating this point. It was also observed that the pitched blade 
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turbine kept the solid material in suspension far more readily than the 
straight blade type. This was true at all slurry concentrations tested 
up to 17.9% wt solids. Above this level material tended to remain on the 
tank bottom and slowly circulate. Thus sulphur extraction under these 
conditions would become rather inefficient. Therefore a pitched blade 
impeller is recommended for mixing duties in any commerical installation. 
The limiting solids concentration, outlined above, is also advised as an 
upper ee for use in plant design caiculations. 

To explain the analysis of the data a brief description of the 
curve indicating the relationship between the Power and Reynolds Numbers 
is necessary. Usually mixing data is taken for Reynolds Numbers ranging 
from 0 to about 10’. For a six bladed pitched turbine (12) the curve 
characteristically decreases from a Power Number of 10.1 to one of 2.0 
over the Reynolds Number change 5 to 100. In the transition range the 
Power Number levels off to a value of 1.3. Under all turbulent con- 
ditions i.e. at Reynolds Numbers above 104, the Power Number remains 
eonstanétat ind. 

For the ore system complete solids suspension is unattainable 
at Reynolds Numbers below about 5 x 10°. Under these conditions the 
solid material will stay on the vessel bottom and slowly circulate. As 
these conditions are not conducive to good mixing they were not examined. 
The data presented in this study apply to high Reynolds Numbers. 

By averaging the Power Numbers for the pitched turbine runs, a 
Power Number of 1.30 is obtained for the Reynolds Number range examined. 


Figure 9 shows representative data for these tests of the Reynolds 
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Number - Power Number relationship. The solid line indicates the obser- 
vations of Bates et al. (12) that apply for a similar turbine And tank 
configuration. It can be seen that the curve of Bates (also formed by 
averaging the results) agrees, within experimental limits, with the 
observations made on the artificial ore and kerosene slurries. 

The discrepancies in the caiculated Power Number value can in 
part be attributed to difficulties experienced in taking the torque 
measurements. Under test conditions the spring gauge reading would 
oscillate rapidly. Therefore a torque measurement was estimated from 
the maximum reading obtained from about two minutes observation, Allowing 
for the oscillation, about 0.02 lbs;, in the calculations, an estimated 
error for the Power Number of about 15% was obtained. This figure com- 
pares with that suggested by other workers for this Reynolds Saabee 
range. Again the errors were determined by the method outlined in the 
solubility curve ‘section. 

Normally results of mixing experiments are plotted on logarithmic 
coordinates and cover Reynolds Numbers varying from 0 to about 10’. The 
data for the artificial ore cover only part of this range i.e. 

5 X 10° < Nee > 10’. The reasons for examining such a limited range 
have been given before. Whilst a linear plot would have been satis- 
factory in presenting these results, a logarithmic plot was used simply 
to avoid confusion. 

Temperature increases in the slurry cause a reduction in the 
motor horse power requirement to ensure a completely suspended solid 


slurry is formed. Tables 41 to 45 illustrate this point. To provide 
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a design safety margin in plant scale-up considerations, the motor power 
calculations should be determined for ambient conditions. , 

To sum up it can be said that satisfactory mixing data have been 
obtained for a slurry of artificial ore and kerosene. Confirmatory 
tests are required on the Alberta ore before agitator specification can 
be considered reliable. However for the purposes of this study, in view 
of the reasonable agreement between this data and that of other workers, 


differences, if any, are not believed to be significant. 


Gangue solids washing 


Once the brimstone has been dissolved from the ore, separation 
of the ore wastes from the saturated kerosene is necessary so that only 
clarified solvent enters the next stage of the extraction process. 
Simple gravity settling will achieve this objective but a large pro- 
portion of the pregnant solvent will remain associated with the gangue. 
This (ls undesirable as this soivent and dissolved sulphur then re- 
present losses to the system. 

Washing with water, as practised with other solvents (34), was 
tried in an attempt to free as much of the solvent as possible from the 
tailings. This technique also produces a water-gangue slurry which is 
more easily disposable. In accomplishing this, kerosene and consequently 
sulphur losses are reduced and solvent make-up requirements minimised. 
A potential pollution hazard resulting from contaminated tailings is 
also avoided. A water temperature equal to that of the hot solvent is 
needed to prevent the premature formation of sulphur crystals due to 


cooling. 
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Experiments were conducted in a calibrated vessel (see figure 2) 
containing a known quantity of kerosene-ore slurry which had been stirred 
until the ore was completely wetted by the solvent. A synthetic ore was 
again used for these tests. A known amount of water was added and the 
respective volumes of the liquid phases measured using a cathetometer. 
The mixture was then stirred violently for about ten seconds and the 
phases allowed to separate once more before measuring the phase volumes. 
This procedure was repeated several times until no significant volume 
change occurred. The experiment was repeated using different volumes of 
water keeping the temperature and solvent slurry concentration the same. 

From these measurements the solvent retention capacity of the 
ore wastes was found by subtraction. Table 48 gives the experimental 
details of the solvent ore slurry prior to washing and table 49 the 
kerosene retention capacity. The results show the solvent losses for 
the measured case and for the worst case allowing for measurement errors. 
For the worst case it can be seen that on adding the hot water to the 
Slurry about 96% by volume of the solvent is separated from the solid 
materials. The volume of water used seems to have little effect on the 
amount separating from the solids. 

Subsequent agitation of the three phase mixtures to reduce the 
gangue solvent content proved to be inconclusive. This was due to scum 
build up making it difficult to measure accurately the phase volumes. 
For the lowest water to solvent volume ratio examined, stirring reduced 
the kerosene content of the tailings without any scum formation. For 


all the other cases scum formation occurred with very little agitation. 
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With continued stirring it became progressively worse until a stable 
emulsion was formed. Such emulsions are undesirable as they Boned 
an additional source of solvent loss. Thus it can be said that for 
washing operations the smallest wash ratio employed and the least 
stirring time give the best degree of solvent removal from the solid 
wastes. 

From these stirring tests it was found that a minimum quantity 
of water per unit volume of solvent exists above which a stable emulsion 
of kerosene, water and solids will form. This emulsion forms very 
quickly on agitating the mixture regardless of stirring speed. It will 
not collapse on standing overnight, by the action of surfactants or 
through mild agitation. Although an emulsion will form with water 
volumes below this critical value, it will break down fairly easily 
under mild stirring action. The development of the stable emulsion with 
the increasing water to solvent ratio from a scum is qualitatively dis- 
cussed in table 50. 

From this series of tests it is suggested that washing the gan- 
gue with hot water offers a method of separating it from the rich sol- 
vent. Extreme care is required in the operation to ensure that the 
water to kerosene ratio is kept well below the critical value for stable 
emulsion formation. 

Even when using the smallest water washing ratio, the amount of 
kerosene retained on the ore is excessive. Such levels, if permitted 
in plant operation, represent an intolerable operating expense. There- 
fore air agitation of the water-gangue slurry was tried in an effort to 


reduce this loss to a more acceptable quantity. 


oidean x Teanw Seow el oveal rq, sue Kgs i's 
» 3 i 8, ver 
studtianos yords es of andeip a 7 we vin o 


wot isdd bise oe mea tt aud ae rT 
Jekol of) bab bsyotgms pee seattaine ies in eaaedt at 

Korea gdi-mox?. Invomoe Jnovioa 26 optyed tead add: ovig ant? 3 F 

pe 


Watiretp mumlain & dad? bovold aew 3b ed2ek gnivaie 4a6d) aowd : a 


oy - 
Ton 
to 


nolalums sidste e dotrw eveds etatxs dasvica Yo sowlov thay taq taiew to 
ve 
yisy amto? nolalumes eLaT mot wad ebtice bns rosay ~onseoTéal Yo 
[fiw ad .bosqa gnivitis to eastbysyst stu2xin ond goivedige no yidotup 9 


40 sampdoe8iTue to notjos' adi yd ,jtdgintevo gitbnade no. seqelico Jon 7 


+sjew datw mtol iiiw nolelums as fguensiA .netimige bi tm-sguords a 
white yivrst nvob aserd titw 42 ,sulav {aolitis ekds wolsd eamuloy - 


datw sotetums sidste ond Yo siSmyolsveb aff -notto8 gndarese biim aebau a, 
7 
-atbh viavisedbisup el muse s motd oltsex Sra od SuRW gutensnoat a > 


- 
08 afdas ot baweda - 


-neg od? goinesw ted bodesguue et 12 232907 Jo esixas efi mast : ie a 


413 


“foe Hoix ond imott Jt a Yo bodtam » erarto 1sd8w wre 
gia 383 sxuene 03 sottateqo oii mt beriapsy) ab 5385 © niga 


aldgt2 191 sulev a ala add woled few aga ek obser 4% 


| a 
do dnvoma oft ,olist anienw paren —_ sme sts 
basdimreq tt asia ta au i whe Ba: * < sto osha no bsatads 


46 


Simple experiments of blowing air through freshly washed tailings 
were undertaken. These tests indicated that further kerosene ‘could be 
released from the solid materials without difficulty. However a certain 
amount of scum was formed. This is understandable when it is realised 
that the water to kerosene ratio is well above the critical value 
referred to previously. 

One potential problem with using air is that an explosive mix- 
ture is formed with the solvent vapours under normal operating con- 
ditions. It should be recalled that kerosene has a flash point of about 
140°F. Normal plant operating temperatures are expected to be somewhat 
higher than this figure. Use of an inert gas such as nitrogen or 
carbon dioxide can overcome this difficulty. 

To sum up, hot water washing of the ore-solvent slurry offers a 
method of separating the majority of the kerosene from the ore wastes. 
Unacceptable retention levels by the gangue and the ease with which an 
emulsion is formed, constitute the disadvantages of this approach. 
Agitation is not necessarily beneficial in liberating the final traces 
of solvent occluded on the gangue. Gas agitation of partially washed 
tailings holds potential for lowering solvent losses. 

More work dealing with gas agitation of the tailings is needed 
to resolve this point. The Alberta ore should be employed in this work 
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Sulphur product crystallising and washing 


In the literature review it was indicated that direct contact 


of the cooling media with the sulphur saturated solvents was the best 
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technique available to produce the brimstone crystals. This is because 
vessel blockages due to crystal growth on the walls are avoided. For 
this reason it was decided to adopt this approach in the process develop- 
ment work undertaken on the Alberta ore. 

Similar experiments to the above were carried out on hot kero- 
sene solutions but using cold water in varying proportions. Irrespective 
of the water to kerosene volume ratio employed no emulsion could be 
formed between the water, kerosene and precipitated brimstone. 

During the course of these tests it was observed that the cry- 
stallised sulphur, on account of it being preferentially wetted by the 
solvent, would collect at the kerosene-water interface when the mixture 
was allowed to settle. Once a sufficient amount of sulphur had col- 
lected at the interface, however, most of it would fall through into the 
water phase in an oil like globular form. The sulphur is preferred in 
a water media for the vacuum filtering operation as an explosion risk 
is eliminated. 

From an operational view point, the tendency of the sulphur 
particles to settle at the interphase boundary could be undesirable in 
cer Cain sins tances. palntertacial jinjection-of «iso=propyl talcokol., -todre- 
duce the liquid surface tensions to enable the crystals to enter the 
lower liquid layer, has been found effective in overcoming this occur- 
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Solid phase settling 


In the foregoing it has been intimated that the solid materials 


in the gangue-water slurry and the sulphur precipitate are to be con- 
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centrated by sedimentation. To determine the settling rates of these 
materials an experimental method described by Coulson and Richardson 
(28) was employed. 

Basically a 1000ml. graduated cylinder, placed in a water bath, 
was filled with a slurry of known solids concentration and agitated with 
an air driven stirrer. The suspension was allowed to settle and the 
falling liquid suspension interfacial height noted with respect to time. 
A small quantity of liquid was then withdrawn, to produce a slurry of a 
higher solids content and the test repeated. The experiments were 
carried out on the above mentioned slurries at their respective 
operating temperatures. 

The results obtained for the settling of the Alberta ore 
wastes are shown in table 51. The temperature employed in these tests 
was the maximum obtainable from the laboratory hot water supply. Al- 
though it is somewhat lower than that anticipated in actual operations, 
the difference is not believed to be significant enough to cause large 
changes in the observed settling rate. 

During settling the gangue became floc-like in appearance. This 
is due to the agglomeration of fine particles. It has been reported 
(65) that the addition of chemicals, that readily ionise, to the sus- 
pension will increase the amount of floc formed and produce a faster 
solids settling rate. This is because ionisable materials, such as 
caustic soda or sodium chloride, provide the necessary ions in solution 
for the fine solid particles to associate with and thus agglomerate 


into larger ones. 
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To examine this effect 10 ml. of sodium hydroxide solution was 
added to the gangue suspension and the sedimentation tests repeated. As 
expected an increase in the solids settling rate occurred. The results 
in the second part of table 51 illustrate this point. 

Figures 10 and 11 show the initial portion of the sedimentation 
curves obtained for the Alberta ore tailings. The initial acceleration 
period is followed by constant velocity settling over the range 
examined. Compaction of the deposited solids was not investigated as 
it is unlikely that the thickening vessels will be operated under these 
conditions. 

For plant settling operations it may be beneficial to add some 
caustic soda,or similar, to the suspension to improve the sedimentation 
rate. A neutral or slightly alkali suspension pH may provide the most 
satisfactory conditions. 

Table 52 shows the calculated sedimentation rates for each 
suspension. Also shown is the settling parameter. This is defined by 


the) settler area formula i.e. 


(4) 
where A: area ft? 
Ul: Gaal tial Waquid. concentration of «suspersion,, ‘Lbs H50/ 1b solid 
V : final liquid concentration of suspension, 1bs H90/1pb solid 
u_: suspension settling velocity, ft/hr 
W : thickener feed rate, Ibs_/hr 
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This parameter first increases in value to a maximum and then decreases 
as the suspension solids content rises. In plant settler design calcu- 
lations the settling rate that corresponds to the maximum value will be 
used as it will yield the largest and consequently the most conservative 
settling area. 

With the sulphur slurry no distinct liquid solid interface could 
be discerned, as was the case with gangue suspension. An estimate of 
the sedimentation rate was made, however, by observing the build up of 
the deposited sulphur layer at the cylinder base. For this material, no 
further compaction took place after the initial settling was complete 
thus representing a limit on the solids content of the thickened sus- 
pension. This will be the feed composition to the vacuum filter, pro- 
posed as the final stage in the processing operation. 

The resultsof these experiments are summarised in table 53. The 
estimated sedimentation rate is compared to that calculated from Stokes 
Law. Since the accuracy of these tests was not good the minimum value 
will be used in design calculations so that a reasonable safety margin 
is assured. 

Also observed, in this work on the sulphur suspension, and 
attributed to the violent nature of the stirring action needed to produce 
the slurry, was the formation of sulphur spheres about 3/8 inch in size. 
These spheres, while easily crushed between the fingers, were strong 
enough to withstand agitation and therefore reservations about the 
effectiveness of the filtering operation are held. If the filter is 


fed by a screw pump, rather than by gravity, it is considered that the 
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pumping action will destroy any spheres that may form and any operating 


difficulty avoided. 


Filtration experiments 


In order to establish design parameters for the suggested fil- 
tration step, experiments were undertaken to determine the filter media 
and cake resistances. Such experiments are described in McCabe and 
Smith, (54), and. Purchas. (64)... 

A sulphur slurry was formed by allowing freshly precipitated 
crystals to settle in water to their maximum consolidated state. This 
slurry was then filtered in a Buchner funnel fitted with a paper filter 
media and attached to a 500 ml. graduated cylinder. The cylinder was 
kept under a vacuum to provide a pressure drop across the filter. This 
arrangement was used as it most closely resembles a top feed rotary 
vacuum filter. This type is envisaged for the filtering operation be- 
cause of sulphur's free settling characteristics. 

From figure 12, showing the filtrate collection rate, it can 
be seen that the rate does not vary over the range tested. As shown 
in Appendix III this is because the sulphur filter cake does not offer 
any appreciable resistance to the filtering process. All the resistance 
occurs in the filter paper. This resistance was calculated from the 
experimental results. 

This value will be used in the design calculations for the 
filter. However it should be pointed out that since no industrially 
used filter media could be obtained for testing purposes or their 
resistances found in the literature, this value employed is not strictly 


representative. 
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Discussion 

The above outline of the experimental work Gadertaken denon 
strates the feasibility of the various aspects of the solvent extraction 
process. The handling methods are within the stipulations of the design 
philosophy. This information will be used in the coming sections as 
the basis for a plant design. The plant will be designed specifically 
for treating the Alberta ore. 

At this point it should be stated that most of the data obtained 
apply to the artificial ore. These results are not necessarily appli- 
cable to the native sulphur bearing ore. Further tests to verify the 
results are needed using the real ore. However the data available is 
considered to be suitable for initial design estimates. 

The critical aspects of this processing route are the mixing 
characteristics of the ore and the solvent retention properties of the 
solid wastes. Further investigations to support the findings presented 


in this work are needed in this regard. 
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CHAPTER VI 


PROCESS DESCRIPTION 


The previous chapters in this work have served to indicate the 
more important handling features of the solvent extraction process. In 
this part all of the aspects covered thus far will be combined and dis- 
cussed as the basis for a plant capable of processing the Alberta ore. 

Basically the process as drawn in the block diagram, figure l, 
consists of a sulphur extraction or mixing section, a tailings 
separation stage and a brimstone crystallisation section. The detailed 
processing steps involved are shown in the process flowsheet, figure 
13. The following description is applicable to this diagram. 

Mined ore, typically containing between 20% and 25% by weight 
brimstone, is fed to the unit on a conveyor belt, C-1l, which passes 
through a dryer, not shown in the diagram, so that the moisture content 
of the ore can be reduced to 12% by weight or lower. This is necessary 
for in some of the mixing experiments where freshly collected material 
was used, the violent nature of the stirring action was unable to break 
down the soil particles when slurried in the solvent. This was because 
the water content of the material was substantially higher than the 
observed average 9% by weight. Some authors (41)(16) advise this 
figure also because heating requirements, to bring the fresh ore up to 
the processing temperatures, are less with smaller amounts of water 
present in the feed material. The dryer may be directly or indirectly 


heated using, for example, the flue gases discharged from the fired 
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solvent heater, E-l. If drying by direct contact of the ore with these 
, 
gases is envisaged, then the gases should not contain any free oxygen 
otherwise some sulphur dioxide could be formed through ignition of the 
brimstone. This implies that the fired heater will have to be operated 
with an air supply that is below the stoichiometric requirement. This 
mode of furnace operation is undesirable as it is expensive. Another 
potential problem, that exists with the indirect method too, is to keep 
the solids temperature below the melting point of the sulphur. This 
will ensure particle agglomeration and blockages resulting from material 
sticking to the vessel walls will be avoided. An indirectly heated 
rotary dryer would seem to be the most suitable type of equipment to 
specify for this service. 

The partially dried ore then enters the first of a series of 
mixers, A-l, by means of a star feeder or screw conveyor. These are 
claimed (41)(55) to prevent undue solvent vapour losses since any route 
open to the atmosphere is always filled with feed material. Here it is 
mixed with hot solvent, in this case kerosene, in order to dissolve the 
sulphur values. These agitators are a direct scale up of the bench 
sized apparatus used for the mixing power determinations. They provide 
a mean residence time equal to that experimentally determined as 
necessary to saturate the solvent. Geometric and dynamic similarity 


are maintained between the two vessel sizes as outlined in the scale up 
techniques presented by Chapman et al (22) and Uhl et al (76). 


It will be noted (table 84) that three agitators in series are 


specified for the plant. This arrangement gives a measure of operational 
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protection in case one of the stirrers becomes unservicable and will, 
thus, prevent an unscheduled shut down. [In addition, this Pe beup tends 
to ensure that the majority of the ore particles remain agitated long 
enough to have all the brimstone content removed. If one mixer was 
employed it can be argued (53) that some particles, because of the ran- 
dom nature of the liquid motions in the mixing process, would leave the 
vessel almost as soon as they entered it. Obviously any sulphur con- 
tained in these particles would not be dissolved and represents a loss 
to the system. 

It can be seen from the heat and material balances that the 
solvent is mixed in such a proportion to maintain a slurry of about 15% 
by weight solids. The temperature of the solvent is above the minimum 
required for complete solvent saturation with the given brimstone 
loading. This aids the dissolution in that the driving force for mass 
transfer is prevented from tending to zero as the kerosene sulphur con- 
tent increases. 

The slurry is contacted, on leaving the agitators, with a care- 
fully controlled quantity of slightly alkaline hot oe to wash the 
gangue solids free of the pregnant solvent and pumped to the first 
settler, S-l. To provide the well mixed conditions needed for thorough 
washing orifice mixers can be installed in the sand pump, P-2, dis- 
charge line. This arrangement also ensures a short contact time thus 
minimising emulsion formation. As will be explained later, the hot 
water is initially at a slightly lower temperature than the slurry, 
however, when these streams are combined, the resulting stream tem- 


perature will be equal to the kerosene saturation temperature for the 
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given sulphur loading. Because the water temperature is lower than the 
Saturation temperature, the kerosene must, prior to washing, be given 
sufficient heat to guarantee a wash mixture temperature that will not 
foster premature precipitation of the sulphur. This is conveniently 
attained in the heater, E-l, and at the same time ensures good dis- 
solution characteristics. The slightly alkaline pH of the wash water 
is required to improve the settling properties of the ore wastes. 

In the upper portion of the two compartmental settler, S-l, the 
washing tailings slurry and rich solvent are allowed to separate into 
two layers and are mildly agitated so that any emulsion formed will 
collapse. A scum draw-off line located at the interfacial level can be 
used for the removal of any persistent emulsion formed. 

The underflow from this compartment falls into the lower 
section where the solids are concentrated 6 form a slurry of about 65% 
by weight solids. At the same time air is blown into the settled solids 
to aid the removal of the last traces of occluded kerosene. This is 
necessary as it was shown experimentally small quantities of solvent 
are still retained by the gangue after washing. By this treatment a 
pollution hazard is reduced. The thickened tailings are raked towards 
the central bottom discharge line and pumped, by screw pump P-3, toa 
tailings pond for disposal. The raking equipment is attached to the 
same driven shaft as the upper section agitator. 

The tailings pond is, at best, the open pit left from the mining 
operation and could be equipped with a skimming device to collect any 


further disengaged solvent prior to disposing of it, preferably by 
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burning. In this way pollution of the environment by the solvent can be 
avoided. 7 

To return to the first settler, the clarified hot water and any 
disengaged kerosene from the lower section is recycled to the suction 
side of P-2, for further washing duties. 

An alternative method of separating the ore wastes from the hot 
solvent is also suggested by the gangue washing experiments. In this 
approach the solvent slurry is pumped directly into a stagnant body of 
water. Here the slurry solids and some associated solvent drop into the 
water phase. The now clarified kerosene rises through the water phase 
and collects das an upper liquid layer, as before. This represents the 
first step of the washing tests. 

The tailings are then concentrated and the retained kerosene 
released by air blowing as previously described. 

One of the possible advantages of this approach is that the 
water recycle loop is eliminated, thus avoiding the need for careful 
control to prevent emulsion formation. Emulsion formation was not 
observed to occur with this wash method. Any water required to make 
good that lost in the tailings disposal operation can be supplied 
directly into the lower compartment of S-l. In this way cold make-up 
water does not come into contact with the hot saturated kerosene. 

The hot solution, leaving from the upper compartment of S-l, 
passes through a series of heat exchangers, E-2, being cooled by re- 
cycled cold lean solvent. After partial cooling, cold water is directly 


injected and intimately mixed, again by means of orifice mixers, so that 
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the solvent is cooled to approximately 75°F and the sulphur precipitated 
! 

as fine crystals. Direct contact cooling is specified as it has been 

observed (55) to prevent crystal growth on vessel walls leading to 

blockages. By careful design, employing an approach recommended by 

Kern (48), this is felt not to present problems in the tubular heat 

exchangers as generous dirt factors can be stipulated in the design. 

By placing the sulphur laden solvent on the tube side, cleaning 

operations, should they prove to be needed, are simplified. 

By employing the cold kerosene as a partial coolant for the 
rich solution several processing advantages are realised. A reduction 
in operating costs on two counts is apparent. Since heat is conserved 
in the preheating aspects of the exchange operation, less heat has to 
be supplied by the fired heater, E-l, in bringing the recycled solvent 
up to the extraction temperature. Also, less cooling water, to pre- 
cipitate the sulphur, is needed as a result of this preheating aspect. 
Because the heat duty required of the fired heater is reduced, the 
initial capital expenditure for this item will be somewhat smaller. 

The three phase mixture then enters the second settler, S-2, 
which again has two compartments. In the upper section the cold 
kerosene droplets are allowed to coalesce and form the upper liquid 
layer before being withdrawn and recycled. On account of the sulphur's 
hydrophobic nature it tends to collect at the water-kerosene inter- 
face. It will fall into the aqueous phase only after a certain amount 
of material has been deposited. To overcome this effect, small 


quantities of isopropanol can be injected at the interface. This re- 
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duces the surface tension causing the brimstone to descend into the 

! 
water layer. In the lower section the crystallised sulphur slurry is 
concentrated to about 55% by weight solids, its natural limit, before 
being fed* to a filter; F-1: 

In design considerations for the settling equipment, the upper 
compartments can be sized by applying Stokes Law. This allows the 
settling velocity of the particles i.e. kerosene or water droplets, 
sulphur crystals and solid wastes, to be estimated. By determining the 
velocities of the smallest particles likely to be encountered and 
selecting the minimum, the most satisfactory settling area can be 
evaluated. 

The thickener sections can be sized utilising the design data 
obtained in sedimentation tests by employing the classical method of 
Coe and Clevenger (25) augmented by the comments of Orr (61) relating 
to suitable safety margins and vessel heights. The sedimentation rates 
experimentally obtained apply to solids concentrations below those 
presented in this design. However, as the decreasing rate with in- 
creasing solids content shows, these figures will give a more conservative 
and reliable design estimate. 

Because of sulphurs rapid settling characteristics a top feed 
rotary vacuum filter, F-l, has been specified. It was designed in 
accordance with the procedure outlined by Peters and Timmerhaus (63) 
but modified to suit this system. This is discussed in Appendix VII, 
The sulphur product, after being washed with water to remove the final 


traces of occluded kerosene and dried by air suction, is removed to a 
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storage area on a conveyor belt, C-2. Typically the sulphur will have 
! 

a purity in excess of 99%. Plant sulphur recovery has been estimated 

at 99.9% and represents the recovery obtainable when the stirring is 

taken to equilibrium conditions and ignores the small amount of feed 

material that by passes the mixers. 

The water, containing the solvent traces removed in the fil- 
tration operation, is mixed with the water overflow from the sulphur 
thickener and pumped into a separating drum, D-2. This drum is arranged 
so that the lighter kerosene will rise to its top. Here it is recycled, 
together with water forming the hot slurry wash water make-up stream to 
the first settler. This make-up stream supplies the water deficiency 
arising from water leaving the unit present in the tailings. It is this 
stream, having a temperature of about 70°F, that when combined with the 
hot water recycle from the first settler, results in the hot water wash 
steam being at a temperature somewhat lower than the desired extraction 
temperature. In this way no kerosene can leave in the water leaving D-2, 
which is sent to a spray pond for cooling and subsequent reuse or dis- 
charged into a natural waterway. Thus no pollution of the water 
resources is caused by the plant effluent streams. 

The recycled cold solvent is preheated as already indicated in 
the heat exchangers, E-2, before being heated in a natural gas fired 
furnace, E-l, to a temperature of about 205°F. The hot kerosene is 
mixed with fresh ore and the operation repeated. Any make-up solvent 
required is taken from the storage tank, D-1l. In all probability this 


tank, due to the plants remote location, will be designed to hold 
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thirty days' make-up material as well as solvent contained in the 
mixers and heat exchangers should they be taken out of see ee 
maintenance. 

It will be noted that the plant temperatures and pressures have 
been kept below that of boiling water so that steam formation and vessel 
corrosion are minimal as stipulated by the design philosophy. However 
corrosion is likely to be severe in the hot slurry washing section but 
this can be combated to a certain extent by using a first settler con- 
structed from wood. Similarly corrosion problems can be eliminated in 
the heat exchangers with all steel construction instead of the more 
common steel shell and copper tubes. 

The foregoing outlines the processing steps required for a 
plant to recover the sulphur content of native ores. The description 
is based on experimental evidence and techniques adapted from the 
literature. Since an artificial ore was used to obtain some of the 
data used in the development of this route, the steps indicated should 
not be considered necessarily applicable to the Alberta ore. Further 
experimental verification is required with the native ore and if need 
be modifications to the above description made. The proposed method, 
however, will provide guide lines for future work. It should be 
emphasized that the method discussed meets the design philosophy 


criteria formulated at the beginning of this work. 
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CHAPTER VII 


PLANT DESIGN CONSIDERATIONS 


The preceding chapters have indicated that it is technically 
feasible to process the Alberta ore by a solvent extraction method. The 
route employed follows the guide lines set out by the design philosophy. 
The economic aspects of this method of sulphur recovery will be dis- 
cussed in this chapter. Included in this discussion are details of the 
optimisation of the plant operating conditions to obtain the lowest 
production costs. 

To aid the profitability analysis of the process a computer 
program was written simulating the plant described in the previous 
chapter. Essentially the program consists of the following parts: 

a) heat and material balance calculations, 

b) process equipment sizing, 

c) capital investment estimation, and 

d) the operating cost determination. 

A summarising flow diagram of the calculation route is given in figure 
14 and the complete program listing is presented in Appendix IV. 

Since the material balance forms the basis for the plant eva- 
luation, it will be discussed separately in detail in Appendix V. The 
other aspects of the design calculation will only be outlined, where 
necessary, as well known principles have, by and large, been applied. 
The plant capital and operating costs have been estimated using concepts 


described by Peters and Timmerhaus (63). Equipment cost data has been 
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taken mainly from work by Chilton (24) transformed by Drayer (31) into 
! 

a series of equations suitable for computer analysis. The total capital 
investment evaluation was determined by employing plant construction 
parameters i.e. cost factors for erection expenses, site preparation, 
etc. These factors are based on the total purchased process equipment 
cost for a solids-fluid treating plant being constructed at a new site. 
Such construction parameters are presented in Chemical Engineering 
magazines Cost File Reviews (4). The costs obtained for the solvent 
extraction plant are based on 1970 construction prices. Parity between 
the United States and Canadian dollars has been assumed as most of the 
data available is published in terms of the United States currency unit. 

The input data (tables 55 to 78) for this program can be divided 
up into four parts. The first part comprises physical data for the 
solvent, water and the ore. This information is taken from the books by 
Kern (48) and Perry (62). Specific heat and enthalpy data for sulphur 
is incorporated in the program as an empirical correlation using the 
results of Kelley (44) (45)(46) and West (77). Some of the experimental 
findings are also included in this first section. The next part covers 
the mechanical details of the processing hardware. Again Kern and Perry 
supply the majority of this data. Power Number data and thickener motor 
data are taken from references (12) and (29) respectively. Equipment 
cost data, not available in equation form, is taken from Aries and 
Newton's work (11), the book by Peters and Timmerhaus (63) and manu- 
facturers price lists, Finally the plant design variables are given. 


These comprise ore, tailings and product data, certain mechanical details, 
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processing cost information and the desired sulphur production rate. 

In establishing the optimum processing conditions for the wit. 
the ore sulphur content was set at a value considered representative of 
the deposit brimstone content. Similarly the solvent-ore slurry solids 
content was specified at 15% by weight i.e. the maximum value experi- 
mentally determined for satisfactory dissolution. In addition the plant 
sulphur production rate was maintained at 200 tons per day. This figure 
was used solely for optimisation purposes and does not reflect the 
current market demands. 

The most important variables to consider in the optimisation 
procedure are the sulphur crystallisation temperature, the cooling water 
feed rate and the thickened tailings solids content. Reference to 
figure 13, the process flowsheet, and the following description will 
indicate how these parameters are influential in establishing the lowest 
manufacturing cost. 

First consider the sulphur crystallisation temperature. If this 
temperature is selected too close to the cooling water feed temperature, 
the major part of the rich solvent cooling operation must occur in the 
exchangers, E-2. This results in a low log mean temperature difference 
Since the inlet and outlet temperatures of the recycle solvent stream 
must be close to those of the rich solvent in order to achieve the desired 
amount of cooling. A low log mean temperature difference necessitates a 
large heat exchange area. This is expensive to install and will have a 
high maintenance cost. Another disadvantage with this mode of operation 


is the likelihood of blockages occurring through sulphur deposition in 
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the exchanger tubes. Thus in attempting to reduce the process heat 

} 
requirement by this means, the high maintenance charges tend to offset 
any financial gain. 

To overcome the above difficulties, raising the crystallisation 
temperature offers one solution. In doing this a significant decrease 
in the heat exchanger area requirements is observed. This not only 
reduces the operating costs but also the initial capital investment. 
However, increasing the temperature is only beneficial up:toa tem- 
perature of about 75°F. Above this temperature the increased costs for 
process heating are not compensated for by lowered maintenance expenses. 

Another way to cut the maintenance cost and initial expenditure 
on the exchanger, E-2, is to increase the water feed rate for cooling 
purposes. This approach is not as effective as the above since in 
cutting the maintenance charges with higher water usage, water and 
heating costs are increased. For limited conditions this approach is 
satisfactory. 

Thus it can be seen that in order to determine the minimum 
operating expense, the sulphur crystallisation temperature and cooling 
water feed rate have to be optimised together. The optimum process con- 
ditions have been established with a crystallisation temperature of 73.5°F 
and a cooling water feed rate of 0.34 of the rich solvent volume cir- 
culation rate. By this procedure the process heat requirements have 
also been optimised. Table 97 summarises the calculations undertaken to 
determine these process conditions. The optimum case is shown in detail 


in tables 79 to 96. Material and heat balances, process equipment sizes 
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and costs, and an operating cost breakdown comprise the content of these 
! 
tables. 

Also important in the derivation of the most suitable operating 
conditions is the thickened tailings solids content. Here again, main- 
tenance expenses are balanced against process heating charges. If the 
solids content of the discharged tailings from settler S-1l, is low, say 
about 40% by weight, a large quantity of hot water will also be dis- 
charged. To replace this water in the recycled wash stream, make-up 
water is taken from the sulphur crystallisation section of the plant. 
This in turn lowers the recycle wash water temperature to below the 
desired extraction temperature. To ensure the solvent does not become 
cooled below the sulphur saturation point on washing, it is heated, in 
the heater, E-1, to a temperature well above the extraction temperature. 
The greater the amount of cold make-up water needed by the recycle wash 
stream, to maintain the correct water to kerosene wash ratio, the greater 
is the quantity of heat supplied to the solvent. With a low solids con- 
tent in the ore wastes slurry, the settler area is less than that required 
for a slurry of high solids concentration. Capital and maintenance costs 
are therefore lower. Thus a balance between the settler upkeep charges 
and the heater gas costs must be attained. In achieving this objective 
the settler area and the discharged tailings solid content are optimised. 
This feature is also covered in the optimisation summary, table 97. 

The most satisfactory pipe diameters were determined by employing 
the economic line size equation referredto by Peters and Timmerhaus (63). 


Lines carrying the slurries were also checked and recalculated where 
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necessary, with the correlation of Spells (74). This relates solids 
settling behaviour to the line size and fluid velocity. ; 

Fluid ei een eee needed to determine pipe pressure 
drops, were, in all cases except one, assumed to be independent of the 
suspended material content. This is roughly true since the solids con- 
centrations are relatively low. The estimated pressure drops agree 
quite closely with those published in the Crane Technical Paper #410 (10) 
for the same line sizes and flow rates. For the tailings disposal line 
a pressure drop was assumed as the viscosity of this slurry could not 
be readily estimated. The pumps were specified using the method outlined 
in Peters and Timmerhaus (63). 

For the optimisation studies, all of the sulphur contained in 
the ore was assumed to be dissolved in the kerosene. This is not un- 
reasonable since the dissolution vessel, A-l, temperature is in excess 
of the solvent saturation point for the given sulphur loading. The high 
calculated sulphur recovery stems from this fact and ignoring solids by- 
passing in the mixers. The other important assumption used in this 
study was the solvent retention capacity of the gangue. Experimentally 
it was found that the kerosene losses on the tailings were high. Air 
blowing showed that these losses could be reduced. For the optimisation 
study, 90% of the occluded solvent was assumed to be liberated by the 
washing and gas blowing operations. This constitutes the so-called best 
case. 

In calculating the solvent extraction plant using the observed 


gangue solvent retention values, the annual solvent make-up cost is 
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found to be high, even greater than the raw material charges. This cost 
) 
therefore represents the incentive to further examine the solvent gangue 
separation step with a view to improved operation. Even with the es- 
timated solvent recovery arising from gas blowing the tailings, the 
solvent make-up charges are still a major item in the manufactuing cost 
determination. Therefore the objective of any future investigations 
should be the almost complete removal of the solvent from the ore wastes. 

A case of plant operation without the partial solvent cooler, E-2, 
was also examined. For this situation water cooling of the hot kerosene 
was used entirely. Due to the high water usage, manufacturing costs 
again became prohibitive. Thus, the difference in water charges for this 
case and the optimum case indicate the advantages of installing a partial 
solvent cooler. However more work is perhaps necessary into the problem 
of sulphur blockages in the exchanger tubes. Conceivably, crystalliser 
design technology may provide a solution to this difficulty. The above 
cases are outlined in Appendix VI. 

Table 95 summarises the annual operating expenses for the recovery 
plant. Mining and solvent costs are considered the most influencial in 
determining the plant location. Mining costs are likely to be lowest 
if the unit is constructed in the deposit area. This will reduce the 
amount of ore transportation needed to a minimum. Typical mining costs 
used in this study were taken from information given by Lewis and 
Tisdell (51). Solvent costs can be minimised if the extraction plant is 
built in the Fort McMurray area. Again transportation costs are least 


at this location due to the proximity of a large oil production facility. 
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For a plant situated in the Fort Vermilion region, the only other popu- 

/ 
lation centre in the deposit area, delivery expenses for the solvent 
are high. With the kerosene losses anticipated, a delivery charge of 
¢7.25 per gallon of solvent will result in prohibitive operating costs. 
Therefore for the optimisation study the plant was assumed to be 
located at Fort McMurray. 

As can be seen from table 95 a manufacturing cost of $19.68 per 
Short ton of sulphur produced is envisaged. This is considerably 
higher than that quoted in the literature (5)(8) for other sulphur ore 
treating plants. However, a direct comparison cannot usefully be made 
as it is not clear on what basis the figures in the literature are given. 

As suggested in the literature survey, flotation of the ore may 
be financially beneficial. From the comments of Bradley (17) and Lewis 
and Tisdell (51) it-ts-doubtful, if, for this application, a reduction 
in the manufacturing expenses is possible. Difficulties in applying a 
flotation step to this process include drying of the concentrate before 
solvent extraction, sulphur losses in the flotation underflow and the 
need for fine grinding of the feed material. 

With the current depressed sulphur prices of $9.00 per short ton 
f.0.b.(3) and even lower, it is obvious that, at the present time, the 
proposed plant cannot produce brimstone at a profit. Once the demand 
for sulphur again increases causing a price improvement, the economic 
picture for this recovery route will become more favorable. Indeed 
other studies (59) have shown that for a 10% minimum return on investment 


criterion, a sulphur selling price for this type of plant, of $38.00 per 


ansvioe 9d3 107 Pree ,89%65 tkaoqeb ond ai stineo 
to agistis yraviish 3 dbstsqtoban asaaol simaovad sd9 so tW aii 
edeon ankdetsqo svividttorq nk fuser Ifty tnevies Yo noliag asq 28.%9 
od os bemutes eew josiq aa ybude notseelmbtqo sd x0} stobessdT’ 


i: 


tag 88.01¢ to J209 gnitedostuasm 8 de sides moti nese sé med BA 
yidewdbieson aF aidT .bogeeives et boovberg twtiglue te nod at0de 
ato sudqive isrio 10% (8)(¢) srusetes tl add oi bssoup sadt oedd tedgid 
sham od yliuisew Jonde>s noaltsqmos Jostib.s ,tsvewou -sinslq gntoae13 
.nevia sim sivisyaiti ofa ot esivgi? add etesd tetw ao tala gon ai Db es 
yan oto ada Jo notsssoli ,ysviwe giuristeatitl oda nk beoeeggua eh om 
estwed ban (<0) voibs7a lo etaammoo 5d3 mort istotiensd ylistonsal? sd 
set baies e ,dotassilqgqe efdd rol ,ii ,jutzdvob ab 3s (f2) Llebat? bane 
g ghivigqs ab eetiluottiid .sfdiseoq eat evensqes goiawisstunsa od2 ot 
s1015d sietimesno> aft to gniytb sbulant #2ss01q eida<o7 gate notiasoli 
eit bon woltsSbayw nvtisi0l2 ad4 al 4asaaof audgiue ,noljserxs tnaevioe ; a 
_Isixetem besl off 76 gobbnitg ami? x02 besa 
god 4xode weq 00.02 to es0i1q awiqgiuve besestqsh JasiQu> 9m aw 
949 (outs tng¢exq oft is sey ayorvdo at at ,~tewol meve bow (£).0,0,2 
bnansh od) son .Jtt0%q | is onestemtsd soubo4g Jomnko Inelq bseoqorq 


gtmonobe sd3 ,inomovergmt saltq s gabuus asesenont okage tudqive tod 7 


70 


ton f.o.b. is necessary. Thus a price increase to the 1968 tevel must 
occur again before this case can be met. When such an increase is 

likely to take place is difficult to predict but some forecasts in- 

dicate that it will happen within the not too distant future (27). 

However an increase in the amount of sulphur produced by purifying 

natural gas is imminent owing to recently announced gas sales. This would 


appear to invalidate most forecasts and prolong the current oversupply 
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CHAPTER VIII 


CONCLUSIONS AND RECOMMENDATIONS 


Conclusions 


A.process capable of producing high purity elemental sulphur from 
the Alberta surface ore has been devised. This process uses the 


solvent extraction approach. 


2. With the prevailing oversupply situation of brimstone and resultant 
low selling price, this route cannot produce sulphur for a profit. 

3. Kerosene losses constitute a major factor in the production cost 
determination. Their reduction would be influential in lowering 
the sulphur manufacturing cost. 

Recommendations 

1. Additional development work be held in abeyance until such time as 
the market situation favours further feasibility studies into the 
economics of sulphur production. 

2. Since this study employs data pertaining to a synthetic sulphur ore, 
any future investigations should be carried out using the actual 
Alberta material. 

3. New work should include experiments designed to reduce the solvent 


losses in the plant tailings stream. Hot gas blowing of these 
materials offers one possible solution. The problem of heat ex- 
changer fouling by sulphur deposition also warrants further exami- 
nation. More extensive pilot plant’ test runs are necessary to con- 
firm the assumption of total sulphur dissolution from the ore by the 


solvent. 
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The handling technique be given consideration when studying other 
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NOMENCLATURE 


Roman Capital Letters: 


Aghe csettlercarea; £2 

Dme>, “impeller diameter, ft. 

N : impeller rotation speed, revolutions per second. 

Neo? Reynolds number for mixing power determinations, dimensionless. 
Ny ; Power number for mixing power determinations, dimensionless. 

U : initial liquid concentration of suspension, lbs H,0/1b solid. 

V : final liquid concentration of suspension, lbs H,0/1b solid. 

W : thickener feed rate, lbs_/hr. 


Roman Letters: 


g : gravitational constant, 1B es Et/1b¢ one 
ree sampling time, seconds. 

CAVE average sampling time of all tests, seconds. 
u, : suspension settling velocity, Et/hre 


Greek Letters: 
9 : density, 1b_/ft?. 


Hose wWiscosity, ibe) at sec. 
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APPENDIX I ! 


SOLUBILITY CALCULATION PROGRAMS 


Contained in this appendix are the program listings for the cal- 
culations used in obtaining the correction factors, for the sample 
weighings, and the sulphur solubility values. 

MAIN and CHIEF act as calculation directors in the correction 
factor determinations. EXTRAP carries out the difference table calcu- 
lation on data transfered from the main line program. XMORN normalises 
the input and extrapolated data prior to returning to the calling 
routine. 

BOSS enables the amount of sulphur dissolved in the solvent to 
be calculated. The program is applicable to data obtained from the dis- 
solution and solubility tests. Information produced by MAIN and CHIEF 


is utilised in this calculation procedure. 
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tC  . THES PROGRAM CALCULATES THE CORRECTION FACTORS TO 


EC BE APPLIED TO HOT SULPHUR SATURATED SOLVENT SAMPLES 


. TO ALLOW FOR EVAPORATION LOSSES DURING WEIGHING. 


COMMON WT110) ,TIME(10) »WINORM(3) ,WIZERO(3) »pWITAVG(3),NTAVGN{ 3} 


E & TOTHETPRINT OUTS, °i°. <. 
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1111 WRITE(6,12) 


ne tn nee ry 


12 FORMAT(//S////7// s17X4"RUN NOL1Z 5X9 "SAMPLE", 5X9" SAMP 


ENTAGE*’s5 *CORRECTIOQN® 


ZRATURE ' 5X5 *TIME* 9X," FACTOR" ,10X,* ERROR", 9X," FACTOR’ ,1LOX,*ERROR', 


3/;53X,"FOR TIME =", 20X,"FOR TIME =",/,29X,'DEG.F.',5Xy'TS SECS. 199 
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C  NORMALISING WEIGHTS RELATIVE TO WEIGHT AT TIME =0.0.. 
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é CONTINUE 
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SUBROUTINE EXTRAP{TINC1.NOP) 


‘ THIS SUBROUTINE DETERMINES SAMPLE WEIGHTS FOR T = 0. 


i USING A DIFFERENCE TABLE APPROACH. 


COMMON WT(10),TIME( 10) »WINORM(3),WTZEROI(2) sWTTAVG(3),WTAVGN(3) 


SET _YP DIFFERENCE TABLE 


C=0.0 
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SUBROUTINE XMORN(P,R,Q,EMTWT2N) 


THIS SUBROUTINE DETERMINES THE NORMALISED SAMPLE 


WE TIGHT. 


~ COMMON WT(10),TIME(10) WINORM(3) yWTZERO (3) pHTTAVG(3)yHTAVON(S) 
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EXTRAPOLATING WEIGHTS TO ZERO USING DIFFERENCE TABLE APPROACH 
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THIS SUBROUTING DETERMINES SAMPLE WEIGHTS FoR T = 45 


iets Sr on 0s errr reen ance 


a4 USING A DIEFERFENCE TABLE APPROACH, 


~ DIMENSION A(6,5) CCC 


COMMON WTL10)sTIMF(10) pHTNORM(3) »WTZERD (3) »WTTAVG(3) »WTAVGN(3) 


Me0~SC*«*S ET «SP IFEERENCE TABLE 
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4 CONTINUE 
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ge ‘THIS PROGRAM CALCULATES THE QUANTITY 9F Sin p4ue 
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hee Pee EE UTTON?, 5%, 75S 


ZULPHUR  s26X_ "PERCENTAGE? 5/,1AX,° TIME 1, 69X, 7 ER20R 4 y/,1 AX, MINS? TX, 


23 = a ‘ 
BUDEG «Fat o10Xs"GMS.458Xs'GMS.'56X%,7GMS, S/GM. SOLN.',///) 


iC ‘LAL 45716474 — & °&°&+&7©3«353&}& ~~ oe 


REAN(5,4)11,NNP 
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8 CONTINUE 
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APPENDIX II 
REYNOLDS AND POWER NUMBER CALCULATION PROGRAM 


This appendix contains the program listings required to calculate 
the Reynolds and Power Numbers using data obtained from the mixing experi- 
ments. The formulae 1 to 3, shown in chapter 5, are employed in the 
calculation. 

The mainline program EXEC undertakes the calculation of the 


dimensionless numbers and calls ERROR and ERIC to estimate the experi- 


mental errors. 
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Cc  THTS PROGRAM CALCULATES THE REYNOLDS AND POWER 


1% NUMBERS FOR THE SLUPRY-KERGQSENE MIXING EXPERIMENTS. 


 DIMENS TON TM(20),8PM(20), 1ME( 20), 2PYE( 20), TYEE (20) ,BPMEF (90) 


DIMENSION S63} 


COMMON HP{( 20), PNO{20), REND (20),HPE(20),PNOE( 290),RENDE( 20) 


& READ: INPUT DATA 


600 READ(5,100)TD,BW; BT , BWC, DL, DIAIM,DyNB, ITyNOP,NT 


100 FORMATI7F9.4,212,214) 


TD = TANK DIAMETER INS: 


BW =: BAFFLE WIDTH INS. 


“BT ¢ BAFFLE THICKNeSS INS. =. 


DE =: SUPERFICIAL LIQUID PEPTH INS. 
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LC BWC =: BAFFLE WALL CLEARENCE INS. 
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C OTAM = IMPELLER DIAMETER INS. 0 
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D = DISTANCE OF IMPELLER FROM TANK BASF INS. 
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NB : NUMBER OF BAFFLES 


1T=2 STRAIGHT 
NDP =: NUMBER ODF DATA POINTS 
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TFENT.EQ.99) GO TO 6010 
SrOi READ(5,101)81W,8LT,8.L.==2#2=#«€«¢ + +’ CC 


101 FORMAT(3F9.4) 


BLT 2 IMPELLER “BLADE THIOKNESS INS. 


BLE = IMPELLER BLADE LENGTH INS. 


READ (54102) STyWTLyWTOT WTS, BRS RT, ARM 


TO02 FORMAT(F7.1,3F12.3,)2F 6.2 ,F6.1) 


STS SLURRY TEMPERATURE DEG.F. 
WT 2 (WEIGHT OF LIQUID IN TANK GMS. 
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READ(5,1105)PP,RR,PPR 


Z105 FORMAT(3FT7.1) 


PPS ERROR IN WEIGHING LIQUID Gus. 


PPR = ERROR IN WEIGHING SULPHUR GMS. 


C 
Qe RR_= ERROR IN WEIGHING ORE GMS. 
C 

: 


READ(5,1905) VIS;SGK,560,SGS 


105 FORMAT(F8.2,3F8.4) 


C VES os VISCOSITY OF « SOUVENTZAT ST DEG.F. CPS. 


‘s SGK = SPECIFIC GRAVITY OF SOLVENT 
m— «€«=6©._s«s SOs = (SPECIFIC GRAVITY OF ORE 


ae SGS_2 SPFCIFIC GRAVITY OF SULPHUR 


a -.o-h Uhh UCCC tt t™tC~C—SSSCSC<;7 Tht 


103 READ(5,104)TM(1),TMEE(T),»RPM(1),RPMEE(T ) 


104 FORMAT(2F642,2F8.1) 


ne ne ka nats heen nAe aps til pensatee aint inapntentme ne net ens 


iC TM(7T) : TORQUE MEASUREMENT LBS. 


C TMEF(T} s TORQUE MEASUREMENT ERROR LBS. 


co 08FSC«SRPM(TT) 2 RPL, 


C RPMEE(T): R.P.M. ERROR 
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C PRINT INPUT DATA 


WRITE(6,1)7T0D,NB, BW, BT, BWC, DOL,DTAIM,D 


L FORMATIS7//517X>. *APPARATUS DETATES Sf / 51 7X5 1 TANK 


‘ A a f > — 
DIAMETER! ,19X%,FC 


1 s493X_VINS249//517Xo"NOW OF BAFFLES", 20X,12,//,17X_ "BAFFLE WIDTH, 


220X1F9.4,3Xy "INS. 4y//3,17Xy "BAFFLE THICKNESS 416%, £9.4,3%, INGL tI) 


So tiXs* BAFFLE WALL CLEARENCE" ,11X9F9.493X%5 UVINS She S751 7X, 'SUPERFICIA 


4L LIQUID DEPTH", 8X9F9.4, 3X9 "INS. "4/75 17X, 2 IMPELLER DIAMETER? 
5904, 3Xy MINS C4477, 17Xy DISTANCE OF TMPELLER FROM',/7,17%,*BOTTOM Ne 
6 TANK ,18X%9F9.4,3X,7INS.45/) 
; IF{ITLEQs1) GOTO 5 


ee WREVRUGGGU, ‘APcALAT O Pine ce Ese 


4 FORMAT (17X,* IMPELLER TYPE", 29X,*TURBINE WITH 615 /+49X-" STRAIGHT BI 


LADES'*',/) 


oui Yi. tx Mee << ToC ee cee 


5 WRITE(6,6) 


a ee ee eee ee eee 


6&6 FORMAT(17X,* IMPELLER TYPE? s19X%, "TURBINE WITH 5*',7,49X%,'45 DEG. PIT 
~ YCHED BLADES',/) CC 
tf WRITE(6,83)BbLW,BLT,BLL 


8 FORMAT {17X, "BLADE WIDTH" 421X9F9.4,3X_ "INSe 8p // gL 7X, "BLADE THICKNES 


BS 86 USRPL TX, F9.4, 3X; INS. 9, 7/751 7h, BLADE LENGTH » 20X,F9.4,4K, 7 INS. ST) 
SC=(100.¥*NTOT)/(WTOTF+WIL) 
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a She ee SSS 


SSC=(1NO.*(WTOTEWTS))/(WTOTFEWTL4WTS) 
~ FESO Ie SOG iad Te 4410 CT 
SCO=(100.*WTS)/(WTS4+NTOT) 
GO TO 45 
PE ee 


45 TOI=DIAIM/TD 


TDL=DL/TD 

P)0OStiC<(iéSRR YE('GZ10) SC SSC,SCO,ST 

10_FORMAT{(17X» "SLURRY CONCENTRATION 'y/,17X,"WT. CFRCENT SOLINS'y/,21X 
15"S FREE BASIS", 16XyF6els//221X," INCLUDING SULPHUR's11X9F6e19//521 

2Xe*SULPHUR CONTENT GF ORE, 6X,F6.19/741 7X) "SLURRY TEMPERATURE’ 14% 
3yF Gel) 3X, "DEGF.8y///) 

WRITE(6,9)TDI,TOL 

9 FORMATI17X, "APPARATUS PARAMETERS *,///,17X_"TMPFLLER/TANK DIAMFTER 
LRATIO* 56XsF6.35// 1 7Xy* LIQUID DEPTH/TANK DIAMETER RATION", 2X%oF6639/ 
2/7) 

~ *MRETE(4,2G009NT,55C;ST*', °° 


2000 FORMAT(17X» "TABLE", 13,3Xy'MIXING POWER REQUIREMENTS FOR ",/,28X,F5 


£132%3°2 WT. SGLIDS KEROSENE-ORE',/,28X%_ "SLURRY AT", F601 72K, 9 DEG.F. 


x tT 


WRITE(6,604) 


DN 88 TK=1,3 


P=0.0 
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PR=0.0 


; SGUIKISCUWTL4P) + (WTOT#RYFTWTSHPR) IZ CCC WTL—9) 786K) 4 CHTOTCR) SEGDI RC 
L(WTS-PP)/S6S)} 
IFCIK.£053) GO TO 387 


88 CONTINUE 
aac 


: WRITF(6,181) 
181 FORMATUL/////7 iO 


WRITE(6,11) 
mm 


“QDMAT ina 2Y i 2 ; -c 
11 FORMATI11X, "MEASURED", 3X, "SHAFT" ,3X, "HORSE", 3X, "PERCENTAGE! 3X, 


woes VAIO at Bh oe hig ewan ince. OX co aike eee eA ee a  Aeicaehe  & “aneh —— ; TAR aa ee ag oagey = 
LYNOLDS 13X_ PERCENTAGE" y3Xe" POWER! 43X_* PERCENTAGE ',/,12X%_ "TORQUE, 


24Xy"RPaMe* y2X, "POWER", 5X» "ERROR 1, 7X» *NUMBER 1, 6X, TERONR* SY, INUIMRE 


SRNPSX ys *ERROR' 5 /513Xs"LBS6t,/7//) 


~~ {081200 253 eNDRS ft 


A=1.09900 


r*. - - . 


ee - LJ 


~~ 
ie ah! 
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NTATME=0.0 
TME(KY=0,0 
300 RPME{K}=0.0 
———— 
a | 1 SES ae ee ae ee a 
c HORSE POWER CALCULATION 


201 DUMP(J,L)={ (ARM+AE) *( TMU JS )-BR-RT+(A*TME (5) )-BRE-RTEVE(QR PME J) 4( ABD 
IME 3)999/63025. 


C POWFR NUMBER CALCULATION 


DUMP (J,L43)=(9UMPCI;1 1 #550.%32.2)7156(L) #6241 1 (RPMI J) CL ARRPYETI) 
19) 760. )*#*3) *{(1( DIT AIM-DIAIME )/12.)**5)} 
: 
C 03EOrsi‘éREYNNGLLDS NUMBER CALCULATTON ee 
I te a 
DUMP{ JS ,Lt6)=( 01 (DTAIM4+DTAIME)/12,)%*2)%*(PPM( §)4+(RPME( J) *A)/60.)*SC 
LCL) 6204971 (2.424VTS)73600.) 
IFIL.EQ.2) GO TO 202 
IF(L.FQ.3) GON TO 200 


BRE=0.005 


- : 


(Pee HAVIAS (L2G Pe LEyMaeratsrae + SINGS A 


as i Fa pF nae 


RTFE=0.005 
DSATNECAEODT 


NO 210 KK=1,20 


a ee ee LS ee 
TME( KK J=TMEE (KK) 
210 RPME(KK)=ROMEE (KK) 


L=L+1 
anemic cee 


GO TO 201 


DIAIME=-—DIAIME 


L=L+1 


200 CONTINUE 
ee 


DQ 400 M=1,NN>P 


~ CALL ERRORTM) 


a 
meee 
- PRINT OUTPUT 

eae 


WRITE(6,500 JTM(M),RPM(M) JHP(M),HPE(M), REND(M),RENOE(M), PNO[M}, PNOE 


1{M) 
500 FORMAT(11X, F622, 2X,F8. 1, 1X,F 7037 3% 9 FO] pS, F 10000 3X FOL 1D BR ETO 


1XsF6.1,/7) 
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4090 CONTINUE 
GRUPETG SITIES. PTF hen ory one 


0997 _ FORMATI(/) 
I 


WRITE(6,2000}NT,SSC,ST 


603 WRITE(6,604) ., °° 
604 FORMAT(1H1) 
ae 
GO TN 600 


010 ar Jiates 0 CCC 


END 
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SUBROUTINE ERROR (J) 


COMMON HP (20), PNO(20), REND (20)yHPE(20) , PNIE( 20) p RENDEI 20) 
COMMON DUMP 120,20) 
HP{J)=DUMP(J,1) 


POs ei. re ere eee 
RENO{JI=DUMP(J,7) 
CALL ERTIC(J,2,ERR} 
CALL ERIC(J,5,EEFR) 
PNOE(JJ=FER 
| Seeecict),3,2e2; °° ee eee eee . 
RENOE(J)=RERPR 


RETURN 
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SUBROUTINE ERIC(JJ,KL,ER) 

COMMON HP (2074 PNO(20),REND(20),HPE( 20) 4 PNDE( 20) » 2ENTF( 20) 
COMMON DUMP (20,20) 
X=DUMP{ IJ,KL)-DUMPLJJ,KL=-1) 

~Y=DUMP (339K L417 )-DUMPCS9, KL -1) 


IF (ABS(X).GE.ABS(Y)) GO TO 1 


3 ER=(ABS17)*100.) /DUMP{(JJ,KL-1) 


, RETURN 


END 
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APPENDIX III 


FILTRATION EXPERIMENT CALCULATIONS 


Filtration can be described by the following equation 


dv Ag. AP A were CD) 


where Av rt? da Leer -dtea, ft? 


c : mass of particles deposited in filter per unit volume of 
' lbs, 
filtrate, 


fro 


pravitationg! constant, 32.17 ft 1b,,/1b¢ sec? 
R_: filter medium resistance, fr7l 

V : filtrate volume, ft3 

Gun. wapecl 2cecake resistence, ft/lb. 

6 : time, seconds 

yes wisetosity—1b / ft sec. 


j 


AP : pressure drop across filter, Lb ,/£t? 


Simplifying 
di = KV + C viete (6) 
dv 
— 00 os. ’ en as Ce Tee a 
As av is constant throughout the range of experimental values, 


see figure 12 and table 54, K must be zero. Therefore the specific cake 
resistance provided by the brimstone crystals must also be zero. This 
implies that the cake is incompressible. Thus the only resistance to 


filtration comes from the filter media itself. To evaluate this para- 
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meter the following equation is used: 


C = uRm Pan Oi) 
AS «(AP 


Normally this is the intercept of the oridinate of a graph of equation 6. 


However since KV is zero, & = ©. Therefore R, can easily be calculated. 
Calculation of R,: 
ol he = 9. aps. 


Ramee oe O20 ex (2265) cte es 2592 Pe eae 
Ax 144 xs 1 x 2000672 


2.10 x 1019 ftaL 


= 50.4 (hr/£t)? 


for “AP Y= .4..6 (psi 


Ree OOM eS LDN o eax a2 elients oemnlaA 
4x 144 x 1 x _ .000672 


2.41 x 1019 et7l 


= 57.5 (hr/£t)2 
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APPENDIX IV 


COMPUTER PLANT SIMULATION PROGRAM 


This appendix gives the program listings for the solvent extrac- 
tion plant calculations. The program models the plant depicted in 
figure 13 and described in chapter VI. 

The calculation procedure has been outlined in chapter VII and 
the overall program flowsheet shown in figure 14. The basis of the 
program i.e, the material balance aspects, are discussed in the following 


appendix, 


~2672x4 Jnsyide 4d1 20% & 
ak baasiqeb tnsi¢ ‘ 


a 
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gaiweLiot 23 ab basausetb aus (Rai tat, erga Se sad ana0 4 


7 TC ae 
c ra LAS | | ee ee ee eee 
c 

€ “THIS PROGRAM ACTS AS THE DIRECTOR IN THE DESIGN CALCULATION 


i OF THE SOLVENT EXTRACTION UNIT. 


i CALCULATION PROCEDURE FOLLOWS THE OQUTLINE GIVEN IN FIGURE 14 


C 


COMMON SOLD{(25),SGS0L(25),SGH20 (25), VISCO0S(125,2),CRYT(25),TEMP7(2) 


COMMGN CON(277),HE(Z5) yXNT(1772) sVISN(50_2) pVOL(10 3) ySETDIAC10,2) 


COMMON EQUIP LICT(40 


COMMON POWR(6),FRACT(14) ,CAPIT(17).CPT(18) »CGSMAN(1C),COSMST(10) 


erate 
WRITE( 4.500) 


500 FORMAT(/////7/7/4/533X%—*SULPHUR RECOVERY UNIT',////) 


“WRITE(6 7501) 


501 FORMAT: 


WRITE(6,502) 


B02 EQAMAT(DOZH'PLANT OFSAGW WAKLAGLES*) =| 
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(2799. 0Ss Ef) TASHA CELDT IMM (S1)8UNGIS! 10, (0S 10 ¢8,O2)XIA vOMMD D 


AOS a8 DILIS Be LOE DABOT2 « (OSD LOL IGAI« (00) TIOTO s (02) 2090 MOMMOD 


RYYGMST ¢ (2S) TVSDs (5 22S)20 D2IVs FES) USHOZ - (2S) INZO! ¢ LES IAI ~OMMO 2 


0 ( OFVALITIZ LE ot TFVIOVe (Seb 2YN2IV {Se TLTUK, (2S) He (TeS)MOI YOMMOD 
( OPVT2M20D 4 (OLIMABRZO3e (81) TIUD¢ OVID TEPAD: (41 TIARA, 13) AWOF VvOoMMOD 
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G COLLECTS PHYSICAL & MECHANICAL DESIGN DATA 
prone: 
CALL FISDAT(SGORE, SGSUL»CAL.NN) 
CALL | DATMEK{ PUMPEF,DRIVEF »,HEAD,FURNEF,SS,NN) 
ea ame ke aa ema amano 


a CLEARING ARRAYS 
C 


a Jy Liege eo ee arma aman an 
O1(1)=9.0 


S{1)=0.0 


SOL(1)=0.0 
H20(1)=9.0 
TOTAL(1)=0.0 
 TFCD.GT.23) GOTO1 


DUMP {1)=9.9 


1 TEMP(1)=9.0 


ec OPT nae aaa aia 


‘ COLLECTS INPUT DATA 


WRITE(6,500) $$ SSSSSSSSSSSSSSSSSSSSSSsF 


WRITE(6,503) 


503 FORMAT(33X,"PLANT DESIGN VARIABLES‘) 


WRITE(6,592) 


dtu 


wn zeta . seoeeetar) Ht 


°° ee av 0 ae i > 


 vostnvamaT r 


a 0.0={ §,0*) TOTIAU ~ : 


Lit 


CALL DATAIN(SCO,WCO, SOLCT »pWCT,AET, SOLCS sWCS, SLURY,CT Ry Te Ea F eRRACF 


Oe art ee ea ree 
L&($06)99;9951501 
101 CONTINUE 
LEST ee 7 a aera mua aaa heeds 


3 MATERIAL BALANCE CALCULATIONS 


C AS SHOWN IN APPENDIX V 


‘ 


CALL EXTEMP( SCO, WCO, SOLCT,WCT,AET,SOLCS sWCS »sSLURY,CT,SR,ET,SIULT,B 


1DF,SGORE ) 


~ €8(CTiesige, 22271) #822 © 


1i2 ODD JL J=9274 
LF(J.EQ.12) GO TO l2 


“TEMP(J)=CT 


12 CGNTINUE 


11 CONTINUE 


Sori FH ey i oc ae ee eaale 


13 TEMP (KI=CE 


CALL ADD(11,12,2) 


ee ak ee 


OE ce EG PS a2 2 SE a en 


CALL SETGATLT:5129).15) 


CALL FILTER(SCOySULT?ExB) 2 s—~— 
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#, PWe eae we] ¥) Cell ee tile. BAe dl lee) Dy Lob ORS Oe : 


— ey NO meme GS ee Ce o £2) Aer eo 
“2 


ec 
CALL ADD(14,15,16) 


oa ee eee 


CALL WASH{(SCG,SULT,8,F) 
CALL SUM(10) 


 O8Lh196n4237,25 ~~ > 


CALL SUB(26,8,10) onpilicaar tape 
CALL ADD(13,18,27) 


“CHE (RODEZRF26¥23)  # 


CALL RATIO(RR,ET,CF) 


CALL SUB(21,4,206) 


CALL SUB422,23;211.°°°~—CO 


CALL SUM{(22) 
a ee i Et 


CALL TWOONE( 21,23) 


CALE /SUM(20) 00 


CALL ADD (206,21,4) 
CALL ADD (3,4,5) 


GALL ISUMCQ}1)*o0F 


PALL SEVYEN{7,5,56 


CALL IADD(7,8,9) 


CALL TWOONE(25,10) 


CALL SEVEN(19,6,20) 


BARC2MEAGER(SHH200153.=02=«€«0 #8 


er 
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7 


£ STORING TEMPERATURES 


10 TEMP(T)=ET 
~B@tLiGGiK=19,20 
1100 TEMP(K)=ET 
TEMP (15)=TEMP(8) 


‘ SCALE UP TO DESIRED THRUPUT 


DOG 50 I[=1,27 
ee 
S{1)=S( 1) *SUF 
H20( 1 )=H20(1) *SUF 
ALL Mil) 


50 CONTINUE 


T BALA A i 


CALL HCHECK 


TUQUAHT OFR1230 OT SU ZIAIZ 
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7 7 r a a 2% (1). Ca 


‘€ STREAM PHYSICAL PROPERTY CALCULATIONS © 


cs 


CALL RHO (SGSUL,SGORE) 


pee es ie 


C EQUIPMENT SIZING 


. 


CALL PIPE(SGSUL,SGORE) 


CALL DEP 


“CALL EXCNG(TEMP2(1)_TEMP2(2)_TEMPT(1)yTEMPT( 2)» 309 3142872924247 92 
1) 
CALL XMIXER(3y6yMIX,12) 


CALL TANK(12,1)— 


CALL TANK21 2, 74522523342 1328329) 
CALL FLOW(6,1,FL) 


ee ee 


CALL SET2(59 659 7929193 2092359 SGORE9 25, FlyFF FL, 13) 


CALL FLOW(2552,8L) 


~ CALL FLOW(10,2;88L) 


CALL SET 21992551154) 10326)21,SGSUL»24,BL»BBL» 14) 


CALL VACF{(13,14,17, 11,DRIVEF,PUMPEF) 


CALL FURN(FURNEF,CAL,SS;HDUTY{1) ,STORE(1) ySTORE(2)) 
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DO 97 N=1,5 
97 CON(1,N)=STORE(N+2)—~ 
CALL CONV(17,10,DR1VEF) | 
DO 98 N=1,5 
98 CON(2,N)=STORE(N4+2) = ——™ 


CALL PUMP ({1,3,3,HEAD,PUMPEF, DRIVEF .0.0514057514-7) 


AA=DP1(28)4DP1(29)+{( (HE(23)*144.)/(( BDENS( 28)4DENS(29) )/2.)) 


~DEAH=VOL(2,3)4+VOL(3,3)  t—<Cis=i‘S 


LF{DEAH.LT.HEAD) DEAH=HEAD 
CALL PUMP (2, DB, 5, DEAH, PUMPEF,DRIVEF,AA;14.7, 14.7) 


“CALL PUMP (3,19,19,HEAD, PUMPEF,DRIVEF,0.0,14.7714.7) 


DEEH=VOL (7,3) 


IF(DEEH.LT.HEAD) DEEH=HEAD 


P2=14.67-Q(8) 


CALL PUMP(5,27,;27,HEAD,PUMPEF,DRIVEF »0.09P2,14.67) 


“HEED=VOL(4,3)4+VOL(5,3) 


TF(HEED.LT.HEAD) HEED=HEAD 


CALL PUMP(6524,24,HEED, PUMPEF,DRIVEF ,0.0,14273,14.7) 


“CALL PUMP(7;10710,HEAD, PUMPEF,DRIVEF 100041447) 14.7). 


BB=DP1(31)4+DP1(32)+(1144.*(HE(22)+5.0) 


CALL PUMP(8,2,30, HEAD, PUMPEF,DRIVEF,BB,14.7,14.7) 


3 


ST ESTIMATE 


@isw ee 00 


a a 


oSX4 COS) 2nNIANeBS }AVAGI ING» Apl*(ES) IHD 4 gsblinaces Coal > 


ie ve “(6 yE) SOV (Ey S JOVEHARO ~7, 


[See L eVed fg hAe 22V190_ 7 39MUF HATO 92 ¢2 eS PIMUD UUAD 7 
UF aal pl. bbe Oe De FAV E90, TI9MUF MASH Ole OL eEVIMUT JAD 
OATH=HA9G (OASH. TI.H330091 


UX co bs\ col eOcdyddV190, 154MU9 HEaO ES) eRe OIaMUS GOAD 


(Tae Pf SV ee Oe AAVIAGs T2IMUG CGAIH TS eT SeAVIMUF JUAD 
“Ce eed dovelee =033H 


ON 


a 


# a a “=L) 3 = VUasr | teh) - : m 


ail 


i PLaVa Phe Ue Oe IVIATe I LOE jsAD 


we = 


(VedleheAd eOeOr 44V1 ihe 439mue ofl 3H.2 ipOlsT)9 


as] 7 


{ts BAe ws p20 ING Les §) JH tee h a(S 
iTsttaris otvanetavize 38 yOHoM obeSy8 19M sua9 


-)( ee mi 


' wn ki Set shah gir ii wa ae 


pi ar ven 
ie . | 


ee areca 


- 
an a 


ey 


CALEMCOSTES 
CALLS UTIL 
SS TTT OP ann da aoe ae ee aa ee eae 
C 


« OUTPUT ROUTINE 


r 


~~ 


WRITE(6,500) 


WRITE(6, 504) 


504 FORMAT(33X,y*PLANT SPECIFICATIONS") | 


WRITE(6,502) 
CALL OUTPUT(SR,NN,FURNEF,CAL,SS) 


99 STOP 
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SUBROUTINE ADD(1,J,K) 


c ESTIMATES INDIVIDUAL STREAM COMPONENTS BY ADDING STREAMS 


» ENTERING A PIPING BRANCH TOGETHER 


OI(K)=O1(194+01(5) 


H20(K)=H20( 1) 4+H20(J) 


SOL(KI=SOL(1)4S0L(9) 


CALL SUMIK) 


RETURN | 
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SUBROUTINE ALPHA(NT,AT,1IT,J3JTsDXyITPyHIyREy GT XN) 


Cc FILM COEFF. ESTIMATION 


COMMON O1(30)4S(30),SOL(3C) ,H20( 30), TOTAL (30), TEMP( 30), TEMP2(3) 


COMMON HDUTY{ DUMP (39) 


COMMON REX(50,8),Q120),0(12),DNB(12) ,PMET(13),SPHEAT(13 42),CP(5) 


COMMON DENS (40), DIOPT(40),CAP(10),HP(20),STORE(30),BELT (5,20) 


COMMON ; SGH20125) 


COMMON CON(2,7),HE(25),XNT(17,2),VISN(50,2),VOL(190,3) 


is 
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“A=TOTAL(NT) 
CALL REN(A,AT,1.0000,6T) 
FACT=1./2.42 
~ CALL VISAVG(VIS(IT),VISCJT),TMU,FACT) 
ALL REN(GTsTMU,DX»RE 
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IF(IP.~EQ.1) GO TO 20 


TF{REX(1.1)-RE)5,6,7 


5 CONTINUE 
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21 CONTINUE 


GO T0 8 
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18 DO 9 K=1,50 
IF(VISN(K,1)-TMU)9, 10,11 
at aI777| TTC 
10 _FAC=VISN(Ky2) 
GO TO 12 
LL CALL XINTERC TMU, VISN(K 42) ,VISN(K-1_2) sVISN(Ko1) 9 VISN(K-1o1) yFAC) 
ALL REN(FAC»DX»XJoH 
IF(IP.EQ.1) GO TO 112 


CALL REN(HIyHE(3),HE(2)yHIO) 
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| SUBROUTINE ARA{V,1,888,J) 
| 


| ss COMMON 01 (30), $030), SOLE 30) »H20( 30) » TOTAL (30) s TEMP(30), TEMP2 (3) 


COMMON HDUTY(2),DUMP130),VIS(40),D0P(40),DP1(40) 


| COMMON REX(50,8),0(20),0(12) ,DNB(12) ,PMET{13),SPHEAT (13 72),CP(5) 
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COMMON DENS (40), DIGPT(401,CAP(10)yHP(20),STORE( 30) sBELT(5;20) 


BBB={DUMP(28) 


*TOTAL(I 


RETURN 


END 
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SUBROUTINE BETA{(RNy I yJ9bsGToNsD0XyPy9M_XN) 


‘s EXCHANGER PRESSURE DROP CALCULATION 


~ COMMON 01(30)5S(30), SOL(30),H20130), TOTAL(30),TEMP(3C),TEMP2(3) 


COMMON REX(50,8),Q(20),0(12) sDNB(12) »PMET(13),SPHEAT(13 »2),CP(5) 


“COMMON DENS (40), DIOPT(40),CAP(10),HP(29),STORE( 30), BELT(5,20) 


$SGH20 (25) 


COMMON CON(2,7),HE(25)9XNT(1722),VISN(50,2),VOL(10,3) 
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3 CALL XINTER(RN,REX( TI 9M) ,REXCLTI-1.M) »,REX(I1,1),REX(1I-1,1),5) 


~ 4 CALL VISAVG(DENS(T),DENS(J)yGRAV,62.4) 
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SUBROUTINE CELECM(X,CI,JB,EQ) 


ol 


f ELECTRIC MOTGR COSTS 


~ COMMON O1(30),S130), SOL(30) H20( 30) , TOTAL (30), TEMP(30), TEMP2(3) 


COMMON REX(5078),9(20),D(12),DNB(12) ,PMET(13),SPHEAT(13 +42),CP(5) 


‘COMMON DENS (40),DIOPT(40) CAP(10),HP (20) ySTORE( 30) BELT (5,20) 


COMMON SOLD(25) »SGSOL(25) » SGH20 (25) » VISCOS{ 2592) pCRYT(25) » TEMP 712) 
COMMON CON(2,7),HE(25)yXNT(1792),VISN(5022) sVOL(1053))SETDIA(10y2) 
COMMON EQUIP (3,12,2),UNITCT(40,2),XMIX(20)———~CS~S~wt 
OST=(C1*(298.3964( 25.203 7%(X#*¥.94 7 
CALL EFILE{COST,EQ,JB) 
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SUBROUTINE CFILT(X,CI,JB,£EQ) 


e ROTARY VACUUM FILTER COST ESTIMATION 
EER EO APATION OU 


iL 


COMMON O1(30),S(39), SOL(30) ,H20(30) s TOTAL (30) s TEMP (20), TEMP2(3) 


COMMON HDUTY (2) ,DUMP(30),VIS(40),DP(40), DP 


COMMON REX(50,8),0(20),D(12) »DNB(12) ,PMET(13),SPHEAT (13 92) yCP(5) 


COMMON DENS (40), DIOPT(40),CAP(10) yHP (20) 5 STORE( 30) sBELT(5, 20) 


COMMON SOLD(25),SGS90L(25),5GH20(25) 


COMMON CON(257),HE(25)4XNT(1792)4VISN(59,2),VOL(16,3),SETDIA(10,2) 


“COMMON EQUIP(3,12,2),UNITCT(40,2) »XMIX(20) 


COST=(€1*(1247.142*{ X** 428) ))/237. 
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CALL EFILE(COST,E9,JB) 


RETURN 


END 
—_ sana eemmmeeeee 


Pe wi = i) =a pe Gene 2 


x a0 Ie 2 I 


bE SIMAT EOE PIMIT y HOE Bees VOSNs WOE 402 (OE V2 eOEITO WOMMO 


fae JAY s (O2 MODG 212 ) £90e COSTA ORI ZEN s LOE SMUG 
GYWDe HS esl VARH9S Ce LY FIMG: TST POWO, (85 Joy 405904 tae02y¥aR MOMHOD 


(0% copy J48 e (OE VSAOTS - ROS NGM, NULDIAD, (OOPTHONG oer? 3€ 
LEQMST ARS NEY SMS eeS OUR IY 2 66S) OSHO 2125 Lu ort 
JE PATOTI2 ¢ CE os TRUIOV e ES OR IM2TYV 1S ETEPTMX 12S POH s (1 ¢ S02) MOMMA” | 

: nl (oe RTMKe (2 e080) TOT IAUy (Sue ae PaTUOS woMNOD 


+ ita joi. #13) = F209. 
(ky 03 ¢1209 139993 14087 


ee 


131 
eee 


SUBROUTINE CFURN(X,CI,JB,EQ) 


{ FURNACE COST ESTIMATION 
C 


COMMON 01(30)4S(30), SOL(30) ,H20(30) , TOTAL(30) y TEMP( 30), TEMP2 (3) 


COMMON HDUTY(2),DUMP(30),VIS(40),0P(40),DP1140 


COMMON REX(5018),0(20),D(12).DNB(12) »PMET(13),SPHEAT(13 42),CP(5) 


“COMMON DENS (40) ,DIOPT (40) ,CAP(10),HP(20) + STORE (30) 9 BELT (5; 20) 


COMMON SOLD{(25),SGSOL(25),SGH20 (25), VISC0S(2542) ,CRYT 


COMMON CON(27),HE(25)5XNT(172),VISN(50,2)sVOL(10,3) »SETDIA(10, 2) 


“COMMON EQUIP (3,12,2) ,UNITCT(40,2),XMIX(20) 


COST=(C1*( 2731 .5+(3695.92%{ X¥*, 771) ) ))/237, 


CALL EFILE(COST,EQ, JB) 


RETURN 
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SUBROUTINE CHTEX(X,C1,JB;EQ) 


‘ HEAT EXCHANGER COSTS 
aaa _ 5 


COMMON O1(30),$(30) SOL(30) »H20(30) y TOTAL (30) TEMP (30), TEMP? (3) 


COMMON REX(50,8),9(20),0(12),DNB(12) ,PMET(13), SPHEAT (12 s27V CP C5) 


COMMON DENS (40),DIOPT(4C),CAP(10) HP (20), STORE(30)sBELT(5.20) 


COMMON SOLD125),SGSO0L(25),5GH20125) ,VISCOS(25,2) ERYT(25) 


COMMON CON(2,7),HE(25)9XNT(1792)5VISN(5G,2)9VOL(160,3),SETDIA(1052) 


COMMON EQUIP(3,12,2) yUNITCT(40y21yXMIX(20) 


COST={(CT*(90.810*(X**.573))) /237. 
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CALL EFILE(COST,EQ, JB) 


RETURN 


END 
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SUBROUTINE CMIXER{X,CI ,JB,EQ) 
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C MIXER COST ESTIMATION 
C 


~ COMMON 01(30),S(30), SOL(30) ,H20( 30) ,TOTAL(30), TEMP (30), TEMP2(3) 


COMMON HDUTY(2) ,DUMP(30),VIS(40) 


COMMON REX(50,8),0(20),0(12),DNB(12) »PMET(13),SPHEAT(13 32),CP1(5) 


‘COMMON DENS (40), DIOPT(40) ,CAP(10),HP(20) ,STORE(30)yBELT(5,20) 


COMMON SOLD{(25) 


COMMON CON(277),HE(25)_.XNTU1792)5VISN(5092) yVOL(1033),SETDIA(16_2) 


~ COMMON EQUIP (31252) ,UNITCT(4052),XMIX(20) 


COST={(C1*(117.549%{ X**.443)))/237, 


CALL EFILE(COST,EQ,JB) 


~ RETURN | 
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SUBROUTINE CMOYNG{(X,CI,JB,EQ,N) 


i SCREW PUMP COSTS 


“COMMON 01(360),5(30), SOL(30) ,H20(30), TOTAL (30). TEMP(30),TEMP2(3) 


COMMON HDUTY(2) ,DUMP(30),VIS1(40 ),DP(40),)DP1(40),DI0(40) -L{ 490) 


COMMON REX(50,8),90(20),D(12),DNB(12) »,PMET(13),SPHEAT{13 4,2),CP(5) 


“COMMON DENS (40), DIOPT(40),CAP(10),HP(20) ,STORE( 30) BELT(5,20) 


COMMON SOLD(25),SGSOL(25) 


COMMON CON(257),HE(25)yXNT(17,2) 9 VISN(50,2),V0L(10,3),SETDIA(1032) 


“COMMON EQUIP (3,12,2),UNITCT(4092)9XMIX(20) 


DO 1 1=1,12 


TF(EQUIP{(N,1,1)-X)1,293 


“1 CONTINUE ~ 


GO T0 4 


2 COST=EQUIPIN,1,2) 


3_IFIN.EQ.1) GO TO 2 


CALL XINTER(X,EQUIP(N, 1,2),EQUIP(N,I1-1,2),EFQUIPIN,1,1),EQUIPIN,I-1 


1+1),COST) 
eo 10.5 


4 COST=EQUIPIN, 1,2) *((X/EQUIPIN, 1,1))**.6) 
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7 COST=(COST*C1I)/256., 
8 COST=(COST*C1)/] 85. —_—- 
9 CALL EFILE(COST,£Q, JB) 
: END 
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SUBROUTINE CONV(1,L,EF) 


c CONVEYOR ESTIMATION 


~~ COMMON 01(30),S(30),S0L(30) ,H20{ 30) , TOTAL (30), TEMP (30), TEMP2(3) 


COMMON HDUTY(2),DUMP(30),VIS1(40),0P1(40) 


COMMON REX(50,8),0(20),D112) ,ONB(12) »,PMET(13),SPHEAT(13 ,2),CP(5) 


~ COMMON DENS (40), DIGPT(40),CAP(10),HP(20),STORE(30),BELT(5,20) | 


COMMON SOLD(25),SG6S0L125) 


C=TOTAL(1I)/2000. 


DO 1 J=1,20 


IF(BELT(1,J)-C)1y2)3 
3 DO 6 KK=3,5 
6 CALL XINTER(C, BELTUKK, J) yBELT (KKpJ—1) 9BELT(1)d)yBELT(1yJ-1) » STOREL 
1KK+4)) 


STORE(5)=C 


m STOREIGY=BELT(2,3) # © 
6G:10 5 
2 DO 4 K=5,9 


“4 STORE(K)=BELT(K-4,J) 
GO TO 5 
1 CONTINUE 
= HP(LI=({ (STORE (8) *(STORE(3)/10.))4((STORE(4) /100. )¥STORE(9)) )¥*1.05 
L)/EF 


RETURN 
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SUBROUTINE COSTES 


i CAPITAL INVESTMENT ESTIMATION 


C BASED ON PURCHASED EQUIPMENT COST 


COMMON DENS(40),DIOPT(40) ,CAP(10) ,HP129) ,STORE(30), BELT(5,29 


COMMON SOLD{(25),SGSOL(25),SGH20(25),VISCOS(2542) ,CRYT(25),TEMP7(2) 


COMMON CON(2,7),HE(25) yXNT(1792) pVISN( 5092) 9 VOL(195 3) ySETDIA(1052) 


OMMON E 


COMMON POWR(6),FRACT(14),CAPIT(17),CPT(18),COSMAN(10),COSMST{10) 
me BARIMGITESOLG E-SILTITS 

Dot Tat. 

CAPIT (L)=UNITCT(40,2)*(FRACT(I) SFRACT(1)) 


NY PEE TPT ARE OPE TED CU 


TFC T-EQeLLICAPIT(15)=CAPIT(17) 


“TF(CTsEQe13)CAPIT(16)=CAPIT(17)  —_ s—™ 
Oh. Cc 
RETURN 


END 
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SUBROUTINE COSTWK 
mma 7 ry scr aa 2 meena 
i" ANNUAL OPERATING COST ESTIMATE = 


i. 


~ COMMON O1(30),S(30),SOL(30) .H20( 30) y TOTAL (30), TEMP(30), TEMP2(3) 


COMMON REX(50,8),0(20),0(12),DNB(12) ,PMET(13),SPHEAT(13 »2),CP1(5) 


COMMON DENS (40) ,DIOPT(40),CA®(10),HP( 20) sSTORE( 30) ,BELT(5,20) 


C OMMON 


COMMON CON(257),HE(25)4XNT(17,2).VISN(50,2),VOL(10,3) ,SETDIA(16,2) 


“COMMON EQUIP (3,1292),UNITCT(40,2).XMIX(20) 


DOSRST=ly5 


“L CALL PRICE(CPT(1),POWR(I),CPT(17),COSMAN(I)) 


ie ema aS CS ne ee eee 
C OPERATING LABOUR 
=36 3 


CALL PRICE(CPT(6),POWR(6)},A,COSMAN(6)) 
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CALL PRICE(CPT(7) ,COSMAN(6),1.,CGSMAN(7)) 
C MAINTENANCE & ODPERATING SUPPLIES 


Pr ee ace aie reas owt toca sa itisisuachanciclegn AIRED ets 


2 CALL PRICE(CPT(IJ) »CAPIT(16)41. »COSMAN(IJ) ) 
C 
C LABORATORY CHARGES ——t™S 
: 
CALL PRICE(CPT(10),C OSMAN(6) 1. ,COSMAN(10)) 


c 


& DIRECT PRODUCTION COSTS 


: 


| CBOEMSTUETSCOGMANITS) CCOTCI SD CPT ee ee 


DQ 3 IMC=2,10 saree ict 


3 COSMST(1)=COSMST(1)4+COSMAN( IMC) 


C PLANT OVERHEAD & ADMIN. EXPENSE 


OSMST(3)=0.9 


DO 4 10C=2,3 
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ae 
res 
- 
a am ea 
oe a 


celine ieee 


Te 2 aad ¥AOTA ROA 


- U 
> 


a ll : : — — 
Hon MBE004 <1 tabvan2n 96691) F49}990RR 4A3 (a 


an Pu T 203 AL LALA La 
ES AC AT ee A SS 


CE MWAM209=1 Ly T2m2c 


« = F nag 


A A Rl 


(OMEyMAM2O94+UL)T2M209=01)T2M209 
PVG eee oer a ere ee 1x AMG, t H § 


Sens 


stan ed 
oud=t83T21 207 


ere 


a 


oe = 


ener canines air 


141 


ae 
COSMST(4)=CPT(13) *CAPIT(17) 


< SUMMING CHARGES 
ee 


oy 


5 C=C+COSMST(ICC) 


C FIXED CHARGES, SELLING COSTS & RED EXPENSE 


“CALL FIXED(COSMST(5) 5CyCPT(14);CPT(15);CPT(16)) 


CALL FIXED(COSMST(6),C»,CPT(15) ,CPT(14) ,CPT{156) 


CALL) FIXED{COSMST(7),C.CPT(16),CPT(14),CPT(15)) 


iL TOTAL PRODUCTION COST 
a 


C 
icv 7” ('3 5 cae aeaeeaeeeeeeeeeeeeeneeeeeaemnemamEEee Reneaieak. 


DO 6 IBBC=5,7 


6 COSMST(8)=COSMST(8)4+COSMST(IBBC) 
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IF( IDC .EQ.5) GO TO.7 
~~ COSMST(10)=COSMST({10)+COSMST(I1DC) 


7 CONTINUE 


DPR=(DUMP(25)*CPT{(17))7/24. 


C MANUFACTURING COST PER TON 
C 


~HP(19)=(COSMST(1)+COSMST(5)4+COSMST(2))/DPR 


C 


C PRODUCT MANUFACTURING COST PER TON 


C 


COSMST(9)=COSMST(8)/DPR 
RETURN 
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SUBROUTINE CPUMP(X,CI,JB,EQ) 


- imatamaame aA oan a a i ee 


c PUMP COSTS 
C 


COMMON 01(30),S(30)y SOL(3C) »H20( 30) » TOTAL (30) y TEMP(30)y TEMP2(3) 


COMMON HDUTY(2),DUMP{ 30), V1IS(14C) ,DP(40) 


COMMON REX(50,8),Q0(20),0(12),D0NB(12) ,PMET(13),SPHEAT(13 ,2),CP(5) 


“COMMON DENS (40), DIOPT(40),CAP(10),HP(20),STORE(30),BELT(5,20) 


COMMON SOLD(25) 


COMMON CON(2,7),HE(25),XNT(17,2)sVISN{50,2),VOL(19,3),SETDIA(16,2) 


“COMMON EQUIP (3,12,2),UNITCT(40,2)_XMIX(20) 


TFCX.LE.1G.00) COST=(C1*(146.780+4+( 583.220*(X**.257))))/237. 


~ TR(X.LE.1.00) COST=(CI*( 524.4444 (374. 8677*X)—(1956 76 120¥X¥X } +( 2604 
1550264*(X*#3))))/237. 


CALE vEFILE(COSTsEQ;J8B) 


ecg "rr loggers eee tiene eee 
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SUBROUTINE CPVAL(L,M,AVG) 


C ESTIMATES THE SPECIFIC HEAT OF STREAM COMPONENTS 


C AT A GIVEN TEMPERATURE 


COMMON HDUTY{(2),DUMP(30),VIS(40),DP(40),DP1(40),D10(40) ,VEL(40) 


‘COMMON REX(50,8),Q(20),D(12) ,DNB(12) »PMET (13) SPHEAT(13 42) yCP(5) 


I[F(M.E9.3) GO TO 8 


I1F(M.EQ.2) GO TO 7 


AVG=TEMP(L)  s—~™*S 


i TAVG=(AVG+32.0)/2. 

GO 710 9 
oe [=1,13 

IF CPMETIIY—TAVGI1s 233 
4 CP LJI=SPHEAT LI, J—1 

St, 443-8 


6 


1CP(K)) 


SEE SS) SS 
5 CP(4)=CP(2) 
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-C SPECIFIC HEAT GF SULPHUR EXPRESSED AS A T SERIES 
c TAKEN FROM TULLER(75) 
c 
— CPA5)= (3.634 .0064%1 273.14 (( TAVG-32.0)/128)))/32.064 
| RETURN 
END 
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SUBROUTINE CSETER(UX,CI,JBy,EQ) 
seme fin ans pss ope nae > a aaa aa = 
C SETTLER COST ESTIMATION 
e 


COMMON O1(30) 1 $(30), SOL(30) H20( 30) s TOTAL (30), TEMP(30),TEMP2(3) 


COMMON REX(50,8),Q9(20),0(12),DNB(12) ,PMET(13)»SPHEAT(13 ,2)4,CP(5) 


“COMMON DENS (40) DIOPT(40),CAP(10),HP( 20) ySTORE( 30) yBELT(5y20) 


TEMPT7(2) 


“COMMON EQUIP(3,12,2),UNITCT(40,2),XMIX(20) 
COST=(CI¥(498.290%(X**] 2059) ))/237 
CALL EFILE(COST,EQ,JB) 


“RETURN 


END 
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SUBROUTINE CTANK(X,CI,JB,EQ) 


TANK COST ESTIMATION FROM CHILTON(24) & DRAYER 


COMMON 01(30),S(30),SOL(30) »H20(30) , TOTAL(30) , TEMP (30), TEMP2(3) 


COMMON 


COMMON REX(50,8),0(29),0(12),D0NB(12) »,PMET{13),SPHEAT(13 ,2),CP(5) 


~ COMMON DENS (40), DIOPT(40),CAP(10),HP(20) sSTORE(30),BELT(5,20) 


COMMON SSLD(25),SGSOL(25) »$GH20(25),VISCOS{(2552),CRYT(25),TEMP? 


COMMON CON(297)5HE(25)yXNT(11792),VISN(50,2),VOL(16,3) ,SETDIA(10,2) 


COMMON EQUIP(3,12,2),UNITCT(40,2),XMIX(20) 
COST=(C1*(21.029%(X**.533)))/237. 
CALL EFILE{COST, EQ, JB) 


END 
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SUBROUTINE DATAIN (SCO,WCO, SOLCT,WCT,AETsSOLCS,wWCS,SLURY,CT Ry Te E 


er ees arcs ial ik bik GCA TR Pee eee 


G THIS SUB PROGRAM READS THE DESIGN VARIABLES 


oO 


COMMON O1(30),5$(30),S0L(30) ,H20(30), TOTAL (30),TEMP(30),TEMP2( 3) 


COMMON HDUTY (2) sDUMP(30),VIS(40} DP (40) ,D0P1(40) yDIG(40),VEL(40) © 


COMMON REX(50 


COMMON DENS (40), DI0PT(40),CAP(10),HP(20),STGRE(30),BELT(5,20) 


~~ COMMON SOLD(25)s SGSOL(25)5 SGH2D (25) y VISCOS( 2552) yCRYT(25) 4 TEMPT7(2) 


COMMON CON(2,7),HE(25) 


COMMON EQUIP (3,1212),UNITCT (4052) .XMIX{(20) 


"COMMON POWR(6),FRACT(14),CAPIT (17) »CPT(18),;COSMAN(10),COSMST(190) 


C PLANT DESIGN INFORMATION READ IN 


1 FORMAT(8F7.4) 


. 
pe es PHUR CONTENT OF ORE 


C WCO : WATER CONTENT OF ORE 


i SOLCT : SOLVENT CONTENT OF TAILINGS 
WOT: WATER CON F TAILING 


* SOLCS : SOLVENT CONTENT OF PRODUCT 
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C WCOS : WATER CONTENT OF PRODUCT 


ct & : SOLVENT OCCLUDED ON SULPHUR AFTER FIRST FILTRATION 


101 READ(5.2)AET,CT 


2 FORMAT{(2F6.1) 


C AET ESTIMATED EXTRACTION TEMPERATURE 


c CT 2: CRYSTALLISATION TEMPERATURE 


a 
R z RY,F»T 
3 FORMAT(F7.4,2F7.2) 


C 


C SLURY = SOLVENT SOLIDS CONTENT 


R > COOLING WATER TO RICH SOLVENT VOLUME RATIO 


ig 


c T 3 WASH WATER FOR SULPHUR PRODUCT RATIO— 


READ(5,4) TEMP(1),TEMP(12),TEMP(8) 


"4 FORMAT(3F6.1) 


RE 2 PA a 1k es ed 8 eee 
t. TEMP{1) = ORE FEED: TEMPERATURE 


C -TEMP(12): SOLVENT MAKE-UP TEMPERATURE = 


C TEMP(8) : OLIN ATER TEMPERATURE 
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READ(3I5) RATEECDR ll Tren nnn 


| 5 FORMAT(3F4.2) 


| C ~“"RR’? ORE--SOLVENT SLURRY WATER WASH VOLUME RATIO 


# CF 3 TAILINGS SOLIDS CONTENT 
a ie ee AEN et 
ee DF > ESTIMATED QUANTITY OF SOLVENT DISENGAGING FROM TAILINGS 


re emelene era oe 


c “DURING THICKENING 


. 
ee ee a et 


READ(5,6) DUMP(25), TOTAL (30) ,STORE( 30) 


6 FORMAT(F8.1,F6.33F4.0) 


c DUMP{(25) : SULPHUR DAILY PRODUCTION RATE 


Renee nn rn 


c TOTAL (30) = SULPHUR SLURRY FILTER FEED WATER CONTENT 


STOBRE(30) 


C  --XMIX(1) = MEAN SLURRY RESIDENCE TIME IN AGITATOR” 


XMIX : MBER OF MIXRE 


Cc XMIX(3) 2 LIQUID DEPTH/TANK DIAMETER RATIO 


Pte meee mst tne 


& XMIX{4) = IMPELLER DIAMETER/TANK DIAMETER RATIO 


XMIX(5) =: ERROR FACTOR IN POWER NUMBER 


ete rat echrc ch aivnnd cicaa reatinditerbrapoa co Asissoe 
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c XMIX(6) = NUMBER OF BAFFLES 

©  —-XMIX(7) = BAFFLE WIDTH/TANK DIAMETER RATIO. 
c XMIX(8) : NUMBER OF BLADES 
C XMIX(9) = BLADE WIDTH/IMPELLER DIAMETER RATIO 


C  ~—sSXMIX(10)2 IMPELLER FROM TANK BASE TO | 


IMPELLER DIAMETER RATIO 


b XMIX{11)2 USER SPECIFIED SCALE UP ROUTE 


ee ee EEO 


c ON THE NUMBER ASSIGNED TO MIX 


C MIX > EQUALS 2 SCALE UP AT CONSTANT IMPELLER TIP SPEED 


60 FORMAT(3F9.1,3F7.2) 


RRR Anne A AeA RAAT AR RD RE RAAT RD ELENA AE LENE ROAR AI ARRRRECE rE nindeeeeamrehtéedi nine cannasrne nine suena niapinnatepsme 


DUMP (2 


c DUMP(23) : SETTLING TIME IN TAILINGS THICKENER 
C  —- DUMP(27) = MINIMUM SETTLER RESIDENCE TIME 
DUMP (28) = SETTLER DESIGN SAFETY FACTOR 


C DUMP(29) = MINIMUM LIQUID DROPLET SIZE 
in gue ts Pita a Michal nico en 
DUMP (30) = MINIMUM SOLIDS PARTICLE SIZE 


» ALLOWED IN SETTLER OUTFLOWS 


pes | 
e OLTAA 5 
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C FRACT(1) = PURCHASED EQUIPMENT 
C + FRACT(2) : PURCHASED EQUIPMENT INSTALLATION 
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C CPTCZ) 62 “PROCESS WATER 


c CRTIG) (F /MATURAL ‘GAS FON FD 
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WRITE(6,7) 
~T FORMAT(////419X_ "DESIGN VARIABLES*///547Xq"WIs FRACTION',/ 919%, 'F 


LEED* »5//,19X%,* TYPICAL ORE COMPOSITION',///) 


WRITE(6, 8)SCO,CLAY,sWCO, SOLCT »WOT,SOLCS WES 


8 FORMAT(24X4* SULPHUR" 19X9F6.34/424Xy CLAYS ETCe' LOX 9F 6039/9 24Xy 
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2039/524Xs'BONDED WATER CONTENT! 46X5F6.39///519X%s "SULPHUR PRODUCT’, 
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WRITE(6,9)DUMP(25) 


9 FORMAT(19X,"SULPHUR PRODUCTION RATE',4XyF8el92X9'Se TONS/DAY's///) 
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1] FORMAT(1H1) 
WRITE(6,12) TEMP(1),TEMP(12),TEMP(8) ,CT,AET 


12 FORMAT(////,19X," PROCESS TEMPERATURES 'y///,62Xy "DEG. Fe'y//y19Xy "0 
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2G WATER" 429XyF7e1s////419X4*CRYSTALLISER TEMPERATURE" y18XyFTelo//y 
~ -319X,"ESTIMATED EXTRACTION TEMPERATURE" ,10XyFTely////) 
RITE(6s 10)NN 
WRITE(6,11) 
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~2F6.352X_" SOLVENT s/919X_'WASH WATER FOR SOLVENT SLURRY',/,19Xy'EX 
ZBMIXERS',29X%sF6.352X, *SOLVENT'»////) 
WRITE{6,10)NN 
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WRITE(6,81)¢XMIX(IMIX),1IMIX=1,10) 


81 FORMAT(////,20X, "MEAN FLUID RESIDENCE TIME',13XeF70192X9"MINSo"y// 
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5XF5029//s20X_ "NUMBER OF TURBINE BLADES',16X9F4.05//520Xy "BLADE WI 
~ ODTH/ IMPELLER DIAMETER RATIO 6X yF5.23//420X, ‘IMPELLER HEIGHT FROM. 


TTANK BASE" ,/,20X%,'TO IMPELLER DIAMETER RATIO',15X,F5. 


IF(MIX.EQ.2) GO TO 83 
| WRBRRO6 S82 VXMINCETRAE LENGTH’ ise. 
82 FORMAT(20Xx 


"REYNGLDS NUMBER® ,19X%,F10.0,///) 


GO TO 84 


83 WRITE(6,85)XMIX(11)). 


85 FORMAT(20X,* IMPELLER TIP SPEED!" ,17X,F10.0,2X,*FT/MIN' »///) 


84 WRITE(6,86)NN 
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NN=NN+1 


WRITE(6,31)(HE(J),J=1,9) 


BL FORMAT(////,16X, * TUBE LENGTH! 718X,F501y2Xy'FTe'9//916Xy*TUBE INSID 
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WRITE(6,32)NN 
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51 FORMAT( 
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52 FORMAT(20X,"TABLE',13,5X,!SULPHUR RECOVERY UNIT',/,33X_ "ROTARY VAC 


- TUUM FILTER DESIGN PARAMETERS') 


WRITE(6,11) = 


NN=NN41 


~ SORITELa, Su} (GOURS SWEAR I4 77.14%, 088) FW Ee ae 


41 FORMAT(////519X%,*GTHER PARAMETERS! 4///419X 


1,*STORAGE CAPACITY! ,16X_F6.152X_*DAYS',//,19Xy*GVERDESIGN FACTOR F 


(2OR%,/519X_g"STORAGE CAPACITY" s18X_F5e2y//919X_"MAXIMUM NUMBER OF MI 


4UMBER OF HEAT"»s/,19X,*EXCHANGERS OUT GF SERVICE!,9X,F3.052X;'"UNITS 


S*///7) 


WRITE(6,29)STORE(39) 


29 FORMAT(19X,*ALL PUMPING EQUIPMENT IS SPARED',/,19X,'*WITH! ,28X,F5.90 


1saXetEXTRA MINTED AF) OF a ATT 


WRITE(6,701L)CIMS 
401 FORMAT(1L9X,*"MARSHALL-—STEVENS COST INDEX',/519Xy"*FOR 1976", 24X,F5.0 
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WRITE(6, 7902 )NN 


702 FORMAT(19X,*TABLE',13,5X,*SULPHUR RECOVERY UNIT! ,3X, "MISCELLANEOUS 


ae ee 


WRITE{6,11) SSS 


NN=NN41 


WRITE (692000) (CPT(IJIO),1SI0=1,5),CPT(17),CPT(18),CPT(6) 
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1*,21XsF602,2X%_,'S$/TON ORE*S//514X_* ELECTRICITY" 21 X9F 76.33 2X_ "$/KWHR 


2 %y/7914X_ PROCESS WATER" y19X 9F7.342Xo'S/M USG's//514X_ "NATURAL GAS 


4G6%,///512X%,"'OPERATING LABOQUR',///,14X,'NUMBER OF ON-STREAM HOURS", 


~ §5XyF6.092Xs *HOURS/YEAR",//,14X, "NUMBER OF OPERATORS PER SHIFT" »3Xy 


6F 4.09/75 14X%y "OPERATORS WAGE* ,18X.F6.252X,'S$/HR*4/S//)} 


WRITE(6,2001 )NN 


2001 FORMAT(19X,_'TABLE';1355X_"SULPHUR RECOVERY UNIT',3X,"PROCESSING CO 
1ST DETAILS") 
WRITE(6,11) 


~NN=NNFL 


2002 FORMAT(////,12Xy*PRODUCTION COST ITEMS" y///414X"SUPERVISION',18X, 


~ 1F4.2,2X,*FRACTION OF OPERATING LABOUR" ,//,14X, "MAINTENANCE", 18XyF4 


Ze2,2X%,"*FRACTION OF FIXED CAPITAL" ,//,14X,* OPERATING SUPPLIES*,11X 


3F4.2,2X,"FRACTION OF FIXED CAPITAL*,//,14Xy"LABGRATORY CHARGES", 11 
"GX yF4.2,2X_," FRACTION OF OPERATING LABOUR’ y//,14X,*PLANT OVERHEAD! y1 
55XsF4.2)2X,*FRACTION OF OPERATING LABOUR »'s/,49X, "SUPERVISION AND 
6MAINTENANCE® ¥//514X_ "ADMINISTRATION COST ',10X,F4.2)2Xy "FRACTION OF 


‘7 OPERATING LABOUR y"4/749Xy "SUPERVISION AND MAINTENANCE! s//414Xq!IN 


9D COSTS* 518% »F4.2,2X,"FRACTION OF DIRECT COSTS!*,/) 


WRITE (6,2003)CPT(15),CPT(16) 
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1/7414Xy* RESEARCH AND DEVELOPMENT *,5X,F4.2,2X,"FRACTION OF DIRECT C 
“SS x 
WRITE(6, 2001) NN mat” 
WRITE(6,11) 
 NWENNNIOT 301,50 50 
100 RETURN 
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END 
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SUBROUTINE DATMEK{ PUMPEF,DRIVEF,HEAD,FURNEF,SSS,NN) 


L THIS SUBPROGRAM READS IN THE MECHANICAL DATA 


COMMON 01(30),S(30), SOL(30) H20(30) , TOTAL(30), TEMP(30), TEMP2(3)} 


COMMON 


COMMON REX(50,8),0(20),D0(12),D0NB(12) ,PMET{13),SPHEAT{(13 42),CP{(5) 


OMMON 


COMMON CON(2,7),HE(25),XNT(1722),VISN{(50,2)sV0L(10,3),SETDIA(10,2) 


~ COMMON EQUIP (3,12,2),UNTTCT(40,2),XMIX(20) 
WRITE(6,100 


1660 FORMAT(C/////7/77/531X%_,"MECHANICAL DESIGN PARAMETERS!) 


WRITE(6,13)0 7 


DO 1 JJ=1,17 


1 READ(5,31)(XNT(JJ,L),L=1,2) 
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et OO) Or eee eC) ot Rie el 
C XNT(JJ,1) 2 SHELL DIAMETER 


Peeewen en tmsen nnn nem 


C  XNT(JJy2) = NUMBER OF TUBES IN SHELL 
RRM TSO OR RPG BR emg 20 SE DS 0S eae 
| DO 70 JR=1,50 


D6 READS, 71) (VISNCRy NNN) gNNN=1)2) 9 (REX JR¥NOD »NO=1,6) 
| 


FORMAT(F al FIO.0sFle422F6 F9e6sF B25 
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s VISN(JR,1) 2. SOLVENT VISCOSITY 


. REX(JR,1) = REYNOLDS NUMBER 
C REX(JR,»2) * COMMERCIAL PIPE FRICTION FACTOR 


C  REX(JR;3) : JH FACTOR TuBE SIDE 


ae REX{JR»4) 2: JH FACTOR SHELL SIDE 
C REX(JR,»5) 2 FRICTION FACTOR EXCHANGER TUBES 


e “REX(JR,6) 2 FRICTION FACTOR EXCHANGER SHELL 


c 


DO 500 IPN=1,20 


500 READ(5;501){REX(IPN,EP),1P=7;8) 


50] FORMAT{(F10.0,F5. 


C  +REX(IPN,7) : REYNOLDS NUMBER 


3 REX{IPN,8) 2 POWER NUMBER 


300 READ(5,301)1(SETDIA(TIMS,LMS) »LMS=1 92) 
301 FORMAT(F6.03F6.2) 


Oe Bee gaerree > eo” arr emcees 
TDOTAC] - Si) ENER DIAMETER 
iG SETDIA(CIMS,2) : THICKENER MOTOR HORSE POWER 
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READ( 5,5) PUMPEF, DRIVEF,HEAD 
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5 FORMAT(2F5.2yF6.e1) 


i PUMPEF 3 PUMP EFFICIENCY 
Cc DRIVEF = ELECTRIC MOTOR EFFICIENCY 


i a a 


READ(5,6)FURNEF,SSS 


Panera ern me nee ot eans rene 


aay nora gene") aay Pima eae aameamaeaamanaa lata lal 


c FURNEF : FURNACE EFFICIENCY 


FR car nee eee i ets 


SSS: STOICHIOMETRIC AIR REQUIREMENT 
SL 
| DO 299 IEQ=1,12 


| 299 READ(5,350)( (EQUI PINEQ,IEQ,LEQ) yLEQ=1y2) yNEQ=1, 3) 


350 FORMAT(3(F7.1,F7.0 


(CC  EQUI°(1,1EQ,1) : SCREW PUMP SIZE 
Bc EQUIP(1,1£Q,2) : SCREW PUMP COST 
. EQUIP(2,1EQ,1) : VACUUM PUMP SIZE 
/C  EQUIP(2,1EQ,2) : VACUUM PUMP COST = —— 
EQUIP(3,1FQ,1) : CONVEYOR BELT LENGTH 
c EQUIP(3,;1EQ,2) 2 CONVEYOR BELT COST 


Cc 
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32 FORMAT(//7//325X_*SHELL I1.De INS.438X_s*TUBE COUNT',/5,48X5! ONE PAS 


Seo Tey he Eye TT ey oT ea 
DO 33 JK=1,17 
33 WRITE(6,34)(XNT(JKyL) L=1,2) 
34 FORMAT(27XF6.2,16X,;F6.0)—CS~t*s 


: WRITE( 6,38) a _ 
38 FORMAT(///7,20X%,'DATA FOR 374 IN. 0.D. TUBES 's/,20X,4'GN 15/716 IN. 


LRIANGULAR)PITCH',///) = = ©. 


WRITE( 6,35) NN 


35 FORMAT (20X_' TABLE", 13,y5Xy*SULPHUR RECOVERY UNIT*,3X,*TUBE SHEET LA 


4 NN=NN#1 
WRITE(6,13) 


Pern seers 


“53 PORMATCOLIHED ( Vi s> 2 N01 Ne 
| WRITE(6,14) ee ee ee 
F -14 FORMATO////,19X,"NOMINAL PIPE SIZE, 10X," INTERNAL DIAMETER", //,25X 
SE Sra) ee a 
. 

pO 3 J= 

READ(5y4)DNB(J),0(J) 


4 FORMAT(F6.1,F8.3) 


C DNB( J) : PIPE NOMINAL BORE SIZE 
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3 WRITE(6,15)DNB(J),D(J) 
15 FORMAT(23X,F6.1,18X,F8.3) 
RITE(6:19 


19 FORMAT(///7/7) 


LPEEL CPYTPE DINENSIGONS*) 


ee i 

NN=NN+1 

WRITE(6,50) 

50 FORMAT(///7/426X, "VISCOSITY", 14X_ *K(PR)1/3%4/529X_ "CPS, BXy *BTU/HR I 
FT.)(DEG.F./ET.)! 

DO 51 1P=1,40 


“51 WRITE(6;52)(VISNCTPR,NP)NP=1,2) 


52 FORMAT(27X,F5.1,18X,F5.3) 
WRITE(6,19) 


53 FORMAT (20X 


LALUES FOR SOLVENT?*) 
=hjN+ 


WRITE(6,40) 


Se eee tere “A . eucownmameas 


“40 FORMAT (////425X4 "REYNOLDS", 12Xy "JH 


FACTOR" +/426X_ "NUMBER", 6X, "TUB 
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DO 41 KJ=1,41 


GL WRITE(6,42)REX(Kd 9199 (REX(KJ9NJ) gNJ=3 94) 


42, FORMAT{I23X,F10.6;6X,F6.1,9X%,F5.1) 


WRITE(6,19) 


SECT RETICLE COPTER LICE TEE 


43 FORMAT(20xX "SULPHUR RECOVERY UNIT! ‘HEAT TRAN 


LFER CURVE DATA®) 


a ee 
NN=NN#1 


WRITE(6, 36) 


13X,y*COMMERCTIAL PIPE*,3X,*EXCHANGER TUBES? "EXCHANGER 


fii 


3X ote ke 


DO 37 JIJ=2,43 


“37 WRITE(6344) (REX(SES,1) 9 T=1_2),(REX( SIS, 1V) 1Y=576)° 


44 FORMAT(14X%,F10.05 6% 9 F7 049 9X9 Fe Oe LIX9 F865?) 


WRITE(6,19) 


39 FORMAT{(20X,'TA 3,y5X,*SULPHUR RECOVERY UNIT? 


LUMBER VS FRICTION FACTOR DATA*) 


NN=NN#+1 
WRITE(6,502) 


502 FORMAT(////,20X, "REYNOLDS NUMBER ',10X,"POWER NUMBER',//) 


03 IPNX=1,420 
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503 WRITE( 6,504) (REX( IPNX,IPX),IPX=748) 
~ 504 FORMAT(22XyF10.0,15XyF5.1) | 


WRITE(6,19) 
WRITE(6,505) NN 
~ 505 FORMAT(20X,' TABLE',13_5X_ "SULPHUR RECOVERY UNIT',/,33X,"REYNOLDS N 
LUMBER VS POWER NUMBER DATA‘) 
WRITE(6,13) 


0 T Pee) SOT EEC 


WRITE( 6,302) oo 
302 FORMAT(////,2GX,'THICKENER DIAMETER*,10X,°RAKE MOTGR',/,28X,*FT'g1 


DO 303 IMJ=2,10 


303 WRITE(6,304)(SETDIAUTIMJ,LMJ) yLMJ=1,2) 


WRITE(6,19) 


WRITE(6,305)NN 


~ 305 FORMAT(20X,'TABLE',13,5Xy"SULPHUR RECOVERY UNIT*y/,33Xy' THICKENER 
LRAKE MOTOR DATA! 


WRITE(6,13) 


rs ee 


WRITE{6,17) 


17 FORMAT(////;18Xs"*BELT*,7X,*BELT*s7X,_ *BELT',5X,*HORSE POWER’, 5X, "HO 


~LRSE POWER" s/16Xy "CAPACITY" 9 5Xy "WIDTH", 5X_"SPEED'y3Xy "PER LOFT. RI 
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3RTZONTAL* 9/7 ,67X2*LENGTH",///) 
sa eC 5 amanactor 


READ(5,8)(BELT(JI,J),.J1=1,5) pele aap canareee! 
8 FORMAT(FT.1,F6elsFTeols2F7.2) 


pennant 
i. BELT(1,J) =: CONVEYOR BELT CAPACITY 

3 BELT(2,J) 2 CONVEYOR BELT WIDTH 

‘C BELT(3,J) 2 CONVEYOR BFLT SPEED = 

C BELT(4,3) : CONVEYOR MOTOR HORSE POWER FOR HORIZONTAL MOTION 

c BELT(5,J) : CONVEYOR MOTOR HORSE POWER FOR VERTICAL MOTION 


C 


7_WRITE(6,138)(BELT(JI,J),JI=1, 5) 
13 FORMAT(16XsF8.194XsF 601 4X gF Tel yy bXyF lary BXyFTe2) 


/ WRITE(6,19) 9 
WRITE(6,20)NN 
20 FORMAT(20X,* TABLE", 13y5X_,*SULPHUR RECOVERY UNIT',/,33X, "CONVEYOR D 
NN=NN+] 
WRITE(6,21)PUMPEF,DRIVEF,HEAD 


21 FORMAT(////,20X,* PUMP EFFICIENCY", 16X4F5421//220X_ "MOTOR EFFICIENC 


WRITE(6,22)NN 


22 FORMAT(20X, "TABLE ',13,5Xy"SULPHUR RECOVERY UNIT',/,33Xy *MISCELLANE 
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NN=NN+#1 
="[7 17 T7777 105 ae 
WRITE(6,298) 
298 FORMATI///////7/524Xs*ADDITIONAL EQUIPMENT COST DATA!) 
aat* 0; 7 [7+ TT Toenail 
5 WRITE(6,351) 
351 FORMAT(///7,20X,*CAPACITY",10X%, "PRICE',//) 


, ee ee ae ae ey ee 


354 FORMAT (20X%,F741,10X,F7.0) 


WRITE(6,19) 


~WRITE(6;355)NN 


1eGOST DATA) 


Surv P1717 EeneeanneEeeeEeeEEEE 
WRITE(6,351) 
WRITE 6, 356) 

356 FORMAT(23X,°CFM',11Xy *DOLLARS'y//) 
DO 357 190=2.12 


357 WRITE(6,354) (EQUIP( 2,190,199) ,LQQ=1,2) 
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358 FORMAT (20X_e"TABLE',13,5X,*SULPHUR RECOVERY UNIT ,/,33Xs"VACUUM PUM 


z PCO Tr eae earner 


WRITE(6,13) 


NN=AN41 
OST Toe 7 mmm cence a ea cea 


359 FORMATI////,21X%, "LENGTH" ,11Xy'PRICE* 5//423X,4FT' 1 2X9 * DOLLAR 


DO 360 TQP=2,12 


360 WRITE (6,354) (EQUIP(3,19P,LQP),LQP=1,2) 


WRITE(6,19) ee eee ee ee es ee 
WRITE(6,361)NN 


361 FORMAT(20X,*TABLE',13;5X, "SULPHUR RECOVERY UNIT',/,33Xs "CONVEYOR B 


LELITJ£OST DATA! I 
Le eee 


WRITE(6,13) 


Tedues 1a Gh =. 


101 RETURN 
a Ec ee de 


END 
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SUBROUTINE DELP 


e FOR 100 FT LENGTH OF PIPE 


COMMON O1130) ,$130), SOL{30) ,H20(30) 


COMMON HDUTY(2) ,DUMP( 30),V1S(40),DP(40),0P1(40),D10( 40) ,VEL(40 


“COMMON REX(50,8)5Q(20),D(12) ,DNB(12) yPMET (13), SPHEAT(13 92) yCP(5) 


COMMON DENS1(40),DIOPT(49) »CAP(10) ,HP(20) »STORE( 30) 


DO 5 J=3,32 
-_ @G.cg.ier co oS, 
LE(J.£9.7) GO T 


iF{J.EO.17) GD TO 5 


ai (ss egg TICE, et ae cman eeamaameammacoaaaiiaale 


RE=(D1I0( J *VEL(J) *¥DENS(J))/(12.*.0008572*VIS(J)) 


DO 1 1=1,50 
~TFAREX(1,1)-REV1 293 


2 EF=REX(1.2) 
GO TO 4 


3 CALL XINTER(REyREX(1 72) sREX( 1-192) ,REX( 191), REX (I-15 1)y EF) 


GO T0 4 i 


1 CONTINUE 


4 DP1LCJ)=(24.*E FR (VEL (JS) #*2)*100.)/(32.17*DI0(S)) 


Go To 7 


6 DP1i(J)=25. 
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% DP (J)=(DP1(JS)*DENS( 519/144, 
Pe aes eee ee 
RETURN 


END 
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SUBROUTINE OFILE(CIMS) 


SUBPROGRAM DIRECT 


~ COMMON O1(30),5(30),SOL(30) ,H20(30) , TOTAL(30), TEMP(30), TEMP2(3) 


COMMON 


COMMON REX(50,8),Q(20),D(12) »DNB(12) »PMET(13),SPHEAT (13 92)4CP(5) 
“COMMON DENS (40), DIOPT(40),CAP(10),HP(20),STORE( 30),BELT(5,20) 


OMMON ; GH! { 2 4P7 


COMMON CON(257),HE(25)_XNT(1792),VISN(5092)5VOL{(10,3),SETDIA(10,2) 


“COMMON EQUIP(3,1292),UNITCT(40,2),XMIX(20) 
B= 


C  —s-: VESSEL COSTS,0-1,0-2 


CALL CTANK(VOL{(1,1),CIMS,JB,1.) 


Sg) a ot mame il inca aeee aaa aaa ereere? 


: Lio oy a Ca Ral a a a aaa 


| SSE a 2 ES a ETE PE ee). oe: aS 8 2 ee 
JB=JB+1 


“CALL CSETER(VOL(2:2),CIMSyJByle) 


=D 


CALL CSETER(VOL(4,2),C 1MS_,JB,1.) 
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JB=JB+1 


c HEAT EXCHANGER COSTS, E-2 


JB=JB+1 
CALL CHTEX(HE(17),C IMS, JB,HE(14)) 


c 


i FIRED HEATER COSTS,F-]) 

e 
A=HDUTY(1)/(10.**6) 

CALL CFURN(A,CIMS,JB,1.) 


C 


C BIEPUeR COSTS .F-) 


Cc 


CALL CFI CIMS,JB 
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B=1.+STORE(30) 
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JB=JB+) 
LEC EP CEQSSSORSIPSEQ. 7) GOTO 2 


“CALL CPUMPCHP(SP),CIMS,JBs8) 


ConTO 2} $$$ $$$ 


2 CALL CMOYNO(CAP{JP),CIMS,JB.B,1) 


a ee a 2 oa ee ee ee a eae ane eee 


§ VACUUM PUMP COSTS 


JB=JB+1 


CALL CMOYNO(Q(14),CIMS,JB,12 32) 


a COST OF CONVEYOR BELTS 
: 


ot aa aaa 


JB=JB+1 Neen nee een TEENIE ESSE 


3 CALL CMOYNO(CON(JQ,2),CIMS,JBy1.93) 
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JB=JB4+1 


sas TAI” ESE E17» mmm lemme ennai emma 
IF(JIMJEQ.12)C=XMIX{(2) 
4 CALL CELECM(HP(JM),CIMS,J8,C) 
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SUBROUTINE DIAM{(1,J,8) 


a 


ie CALCULATES OPTIMUM PIPE DIAMETER 


C FROM PETERS & TIMMERHAUS(63) 


COMMON HDUTY(2),DUMP(30),VIS(40),DP (40) ,9P1140),D10(49),VEL(40) 


Sone mAe ret a ran ne ne iat eee 


COMMON REX(50y8),0(29),0(12),0NB(12) »PMET(13),SPHEAT(13 92) 9CP(5} 


COMMON 


COMMON SOLD(25),SGSOL(25),SGH20(25),VISCOS(25,2),CRYT(25) ,TEMP7{2) 


R=€2.2*((TOTAL(1)/1000.)  **(445)))/(DENS( J) **(432)) 


RETURN 
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SUBROUTINE EFILE{(COST,EQUIPI,JB) 


C TOTAL PURCHASED EQUIPMENT COSTS 


COMMON O1(30)5S(301, SOL(30) yH20( 30) TOTAL (30) y TEMP(30),TEMP2(3) 


COMMON HDUTY(2),DUMP (30) ,VIS(40) ,DP (406 


COMMON REX(50,8),Q(20),0(12),DNB(1i2) »PMET(13),SPHEAT(13 42),CP{5) 


ae eee 


COMMON DENS (40), DIOPT(40),CAP(10),HP( 20) ySTORE( 30) y BELT(5;20) 


COMMON SOLD(25) ySGSOL(25) »SGH20(25) » VISC9S (2542) yCRYT (25), TEMP) 


COMMON CON(2,7),HE(25),XNT(1792)5VISN(50,2),VOGL(10,3),SETDIA(10,2) 


“COMMON EQUIP (3,12,2),UNITCT(40,2),XMIX(20). 


c ITEM COSTS 


ea ae aaa 


Cc 


. 
: UNITCT{JB,1)=COST 


q UNITCT(JB,2)=COST *EQUIPI 


ESTIMATES TOTAL EQUIPMENT COST 
SUNT TCT(40,2)=UNITCT(40,2)+UNITCT(JBy2). OS™ 
TF(JB.EQ.19) UNITCT(39,2)=UNITCT(40,2} 
RETURN 


END 
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SUBROUTINE EXCNG(T1sT2sT39T49IS9JSyI1TyJT9MyNogNTy MN) 


C HEAT EXCHANGER DESIGN AFTER KERN(48) 


COMMON 01 (301, S$(30), SOL (30) ,H20( 30) y TOTAL (30) TEMP (30) y TEMP2(3) 


COMMON HDUTY{2) ,DUMP (39),VIS(40) ,DP (40), DP1(40),DI0(40) 


COMMON REX{(50,8),0(20),D(12),DNB(12) »PMET(13),SPHEAT(13 42),CP(5) 


ene 


COMMON DENS (40), DIOPT(40),CAP(10) HP (20) STORE (30), BELT (5, 20) 


COMMON SOLD(25 


COMMON CON(2,7),HE(25)_XNT(17 92) 9VISN{(50 42), VGL(10,°2 


C 


) 


(x 


3 LMTD CALCULATION 


Reece neten ne me ne nme arn 


HE (16)=((13-12)-(14-T1)) /ALOG((13-T2)/(14-11)) 


SEE OL 8 8 2 EEE a 


ag INITIAL AREA CALCULATION 


200 A=HDUTY(M)/(HE(S) *HE(16) ) 
| NNX=1 
oe 


TOTAL NUMBER OF TUBES 


C 


TN=A/(HECLI*HE(5)) CS 


=}1.00000 


TFC TN.GT.XNT(17,2)) GO TO 1 
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4 DO 2 I1=1,17 
 ~EROMNTOBI,27-1N)2,3,3 °°  — 


2 CONTINUE Ee he Te ss 8. 1a ee ee 


1 SHELL={TN/XNT(17,2)) 
ia. Las -i81,21,25 2#=#=#=#0°5 == ° ° °° ©" 
20 _XN=XN+1. 00000 | 
GO TO 22 


21 TN=TN/XN~ 


GO T1934 


> 


3 UNEW=HDUTY(M)/(HE(16)*XNT(11,2)*HE(1)*HE(5)*XN) 


C 


Bee FUP EOE ACU ATIONS 


: 


AT=(XNTCIT,2)*HE(60)/144. 


DX=HE(2)/12. : 


CALL ALPHAUNT,AT, 11,57, DX_,2,HIO,RET,GT,XN) 


BStXNTCL EAM) MIO, Hi, 


HE(25)=B85S 


IF(MN.EQ.1) GO TO 13 
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13.1416*HE(3)¥*12.) 
ooo y ery FTE SFTP TCT al 


13 DET=(4.*((HE(4)**2)-((3.1416%*(HE( 3)**2 


14 Ad. ALPHA(N, AS, 15,J3S,DETs1,HI,RES;3GS,XN) 


ae PRESSURE DROP CALCULATION 


» SNe (BEFACRET. 1RASTSZ3sGDSLGDXPHEL 7NE5j)xNT 
ETT=1.00600 
ETA=((12.*HE(1))/HE(25)) 


32 ERLETAIERVESV 32550, VIS(I51 CORT. At 


GORTG C32 


ee ea ee 


DS=XNT(I1,1)/12. 


CALL BETA(RES,1S,JS32236S 510 sDET,DSy6yXN) 
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LC CLEAN H/T COEFF. ESTIMATION 

rere an. or ee 
| UN=—-UNE 

CALL UCLEAN(U,UN,U2) 
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U2=1./U2 
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IF(HE(9)-U2)16,16,17 


17 HE(8)=1./0(1 6/0) HELI) 


GO TO 290 
me j§ WESGOSITY CORRECTION ==  ## © 


16 IFINNX.GT.1) GO TH 216 


ee 


TW ((T14T2)/2.) #(HIO/(HIOFHI))*((T32474-T1-T2)/2.) 


| CALL PHASEV(1,4,TW) 


CALL VISAVG(VIS(IT),VIS(JT) ,COR,A) 


~ CALL VISAVG(VISCIS)sVIS(JSS)y,CORTSA) — 


COR=COR**0O.14 
| 
CORT=CORT**0.14 


HE(22)=HE(22)/CORT =” 


HE(23)=HE(23)/COR 


H1O0=HIO*COR 
yo 76 cm a cena aman alcaaae am 


NNX=NNX+1 


GO TO 316 


ALCULATED DATA TO STORAGE 
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HE(14)=XN 
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HE(15)=HDUTY(M) /XN 
— HECLT)=XNTCT1,2)*HE(5) *#HE(1) 


HE(19)=UNEW 
a 


HE(20)=HE(9) 
ees sce Se ee Se 


| HE(11)=XNT(1I1,1) 


HE(24)=XNT(II,2) 
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SUBROUTINE EXTEMP(SCOsWCO, SOLCT »WCT,AET,SOLCS,WCS,SLURY,CT,SR,ET9S 


nist aa ye RR Nt eee 


i ee ee 


C ESTIMATES EXTRACTION TEMPERATURE TO FULLY SATURATE SOLVENT 
C OVERALL MATERTAL BALANCE ALSO CALCULATED BASED ON 118 ORE 


of. BEERETO UNIT SEE APPENDIX yY 
C 


COMMON 01 (30),S(30) ,SOL(30) yH20( 30), TOTAL (30) y TEMP (30) TEMP2(3) 


COMMON HDUTY(2) »DUMP130),V1IS(40),DP (46) 


COMMON REX(50,8),9(20),V(12) ,ONR(12) »PMET(13), SPHEAT (13 22) ,CP(5) 


COMMON DENS (40), DIOPT(40),CAP(10)yHP(20) y STORE( 30) + BELT(5920) 


OMMON SO 


1 SOLID=1.-SCO 


CALL SOLUB(AET;SG;3)—~CS~S 


CALL SOLUB(AET,SD,1) 


2 SULT={{(SD*¥SLT)/(1.-SD) )*11.-DF) 


SOLSP={ ( SCO-SULT) *SOLCS)/(1.-{SOLCS+#WCS) ) 


eS on 


CALL SOLUBICT,SDy1) 


= _— 


i2 TSLT=StLT*(1.-DF) 


pegteateg rte 


é - Y*(1 545M * SLURY*(1,.+B)- 
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TOT=X+SCO+Y+SMU 
CALL SOLUB (ET,SD,2) 4 
C=ABS(AET-ET) 


AET=ET 


3 CONTINUE 


i_ FORMAT 


10N TEMPERATURE WITHOUT CONVERGENCE THEREFORE CALCULATION HAS BEEN 


Ot=~¢T ‘ 


GB:TO 99 


16 SLURY=SLURY-0.1 . 


G60 T0 1 


Penne nse asm e: 


O1(1)=SOLID-WCO ; 
S{(1)=SCO 


CALL SUM{]) . 
SOL(6)=SLT 
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SOL’ (17)=SOLSP 
TOTAL (12)=S0 2) 


Sth77=SCO-SULT 


CALL SUM(17) 
SOL(11)=Y 
TOTAL(11 )=X+Y 
SOL(20)=SOL(6)*DF 


S(20)=S(6)*0F—™” 


99 RETURN 


END 
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SUBROUTINE FILTER(SCQ,SULT,E,B) 


C DETERMINES FILTER STREAM MAGNITUDES 


COMMON 91130), S(30), SOL(30) ,H20(30)y TOTAL (30); TEMP (30) + TEMP2(2) 


SDL {(16)=E*{ SCO-SULT) 


SOL(14)=SOL{(16) 


peas ea a Os ake a 


S(18)=S9L(18)/8 ied SS Mille 


$(16)=S(17)4+S(18) 


fe 0) Parent ema Ai cca aa aaa 


| H20(16)=H20(15) 


H20(18)=H20(15) 


Pe tn nth tanec entry 


RETURN 
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SUBROUTINE FISDAT(SGORE,SGSUL ,CAL,NN) 


ae THIS SUBROUTINE READS IN THE PHYSICAL DATA 
ee ESE CALTOATA 


C REQUIRED FOR THE PLANT DESIGN 


heme os renee enone ener enn erinntchiennrcinn 


COMMON 01(30),5S(36), SOL(30) ,H20(30) ,TOTAL(30)} TEMP (390) 


COMMON HDUTY (2) ,DUMP(30),VIS(40),DP(40),DP1{40),DI0(40),VEL (40) 


nner arene tre 


COMMON REX(508)40(20),0(12),DNB(12) ;PMET(13)+SPHEAT(13 92), 6P 18) 


COMMON DENS(40),DIOPT(40 


COMMON SOLD(25)5SGSOL(25),SGH20(25), VISCOS(25,2) yCRYT(25)4TEMP7(2) 
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C READ IN DATA eee ag 
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WRITE(6,120) | 


| 120 FORMATI//////7//533X,"PHYSICAL PROPERTY DATA® ) 
ta ee RR LY Aa 
WRITE(6,103) 


Frenne ncecinrnreen 


1 CPS*s/519Xy*DEGeFo4y10Xy * SOL VENT WATER", &X,*SOLVENT WATER 


LPO ET YP oTe eet ae 


| DO 1) 1=1;25 | 
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READ(5s2)CRYT(1),SOLD(1),SGSOL(1),SGH20{1),(VISCOS{I,L) ,L=1,2) 


2 FORMAT(F6.1,F9.4;2F8.4;2F6.2) 


CRYT(T) > TEMPERATURE DEG.F. 
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C SOLD{1) PUSOLPABROSCEURTLITY AT CRYT(7) 


C . -SGSOL{T) . 2 SOLVENT SPECIFIC GRAVITY AT CRYT(1) 


eee} ) WATER 


cL VEISCOS(CT, DT) Hes | SGLVENTIVISCOSITYPR AT GRYTII) 


‘© VISCOS{1,2) +: WATER VISCOSITY AT CRYT(I) 


1 WRITE(6,101)CRYT(1),SGSOL(1),SGH20(1),(1VISCOS(I,L),L=132) 


101 FORMAT(19X,F6.1,8X%)2F92356X,2F902) 0 tt—<“<i‘ 2 2X XW!:*” 


DO 3 J=1,13 
3 READ(5,4) PMET(J),¢(SPHEAT(JS5K) ,K=1,2) 


4 FORMAT(FT7.1,2F9.5) 


RESET EMS Crh 2, Se ee ne ere mee eee 
ice PMET(J) .: TEMPERATURE DEG.F. 


% “SPHEAT(J,1): SOLVENT SPECIFIC HEAT AT PMET(J) 


C SPHEAT(J;2): WATER SPECIFIC HEAT AT PMET(J) 
c 


“READ(5,5)CP(1),SGSUL;SGORE,Q(12)) s— 


5 FORMAT(F10.6»2F8.4yF9.3) | 
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READ(5 36 )CAL,DUMP(26),DUMP(24) 


tee ee eee 


C CAL 2 HEATING VALUE OF NATURAL GAS 
€ DUMP{26) 2 SEDIMENTATION RATE OF ORE WASTES 


.c DUMP (24) SEDIMENTATION RATE GF SULPHUR SUSPENS 


oy 


pennant ne anne nee 


“WRITE(6,107)SGSUL,SGORE;Q(12) | 


107 FORMAT(////,26X%, *SPECIFIC GRAVITY GF SULPHUR" .12X ,F6.25///520X% "SP 


LECIFIC GRAVITY OF ORE INSOLUBLES*,5X,F6.29///,20X,"VISCOSITY OF AT 
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: WRITE{( 6,102)Ni 
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102 FORMAT (20X,* TABLE", 1395X_y"SULPHUR RECOVERY UNIT',/,33X,'*SPECIFIC G 


LRAVITY & VISCOSITY DATA') | 


WRITE( 6,103) 


.163 FORMAT(1H1) 


WRITE(6, 104) 
104 FORMAT(////,18X_,"TEMPERATURE',9X,"SPECIFIC HEAT" s/9Z21X%_"VEGeFs * 


‘1)12X) "BTU/LB .DEG.Fe'y//,38Xy"SOLVENT = WATER", ///) 


pre) 5 J= 


105 WRITE(6,106)PMET(J),(SPHEAT(J,K),K=1,2) 
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169 FORMAT(////,20X,"SPECIFIC HEAT OF GRE INSOLUBLES*,5X,F9.5,//7/) 
ieee tie daha bere ; 


108 FORMAT(20X,*TABLE',13,5Xy"SULPHUR RECOVERY UNIT! 


LEAT DATA‘) 


a ee peters 


WRITE(6,115) 
115 FORMAT(////) 


ttre 


“WRITE(6,130) DUMP(26),DUMP(24) 


130 FORMAT(20X,"SEDIMENTATION RATE OF ORE*4,/,20X,'INSOLUBLES' 


1632X,*FT/SEC's//,20X_,"SEDIMENTATION RATE OF',/,20X,'SULPHUR CRYSTA 


2LS*,15XsF11.6,2X, *FT/SEC's///) 


| WRITE(6,116)NN 
116 FORMAT{(20X,*TABLE*,1345X,"SULPHUR RECOVERY UNIT",/,33X_"*MISCELLANE 


St ne Anon tenchnr nie nenns 


10US DATA’) ———™ 


WRITE(46,103) 
NN=NN41 
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WRITE(6,1 RYT{(K), SOLD (K 
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114 FORMAT(20X,*TABLE',13,5X,"SULPHUR RECOVERY UNIT',/,33X, "SULPHUR SU 
~ -TLUBILITY IN KEROSENE') 


WRITE(6,103) 
NN=NN+1 
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SUBROUTINE FIXED(AP,8P,CP,DPP,EP) 
ens TEN VAG MERE TT PSE 7. 
RETURN 
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SUBROUTINE FLOW(J5,1M,FL) 


c SETTLER FEED & UNDERFLOW SREAM QUANTITY CALCULATION | 
—+—_____sEIILER FEED & UNDERFLOW SREAM QUANTITY CALCULATION 


C EXPRESSED AS LBS. -WATER/LBS. SOLID 


€ OMMON 01130) ,S$(39), SOL (30) ,H201 30), TOTAL (30), TEMP( 30) 


TF{IM.EQ.2) GO TO 2 


1 FL=(SOL(J)4S(J14H20(5))/01(0) 


7 6 eee | 
ae 


@ FL=LSOUOII+S1 JI S0 97 3 4H2005)975117) 


3 RETURN 
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SUBRGUTINE FURN(F»,C,S9H1G,A) 


% 


C FURNACE CALCULATION | 


7 


Se eT PTET Te EEA CTT ERE BEEN T SE TT OT TT Pd % 


A=(2.*G6*S)/21. 


RETURN 
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SUBROUTINE HCHECK 


COMMON REX(50,8),0(20),0112),DNB(12) »PMET(13),SPHEAT(13 


92),CP{(5) 
Me etree cee etse 
R=2.21 

i 


CALL PMUD{(1,1,AVG,R) 


RR=0.0000 
ALL PMUD(12.1],AVG.RR 
PR=32.32 
~ CALL PMUD(B,1yAVG;PR) OS™ 
PS=5.65 
CALL PMUD(15,1,AVG,PS) 
—a33----eoeeees 
CALL PMUD{(17,1,AVG,SA 
SB=-21.21 
Sunn TULLT TTT EE-P5 WY CSV eee 
=-21 


CALL PMUD(19,1,AVGySC) 
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CALL HCONT(1,1) 

caer 3TT 10" ET 
CALL HCONT(3,12) 
CALL HCONT(4,19) 

~ DUMP(8)=DUMP(8)+DUMP(15) 


CALL HCONT(5, 8) 


CALL HCONT(6,17) 


See ag arene rae mo pre pe ne aaa amaalameaR OF 


DUMP 


DO Ll=157,2 


“1 DUMP{8)=DUMP(8)+DUMP(1) | 
ee a ee ee St ee ee ee eee oe 
DO 2 J=2 9692 


2 DUMP(9)=DUMP(9)4+DUMP{J) | 


a COMPARING HEAT IN & QUT 
emai eam 
A=ABS{(D 82—-DUMPI9)3 
DUMP (10)=(100.*A) /DUMP(8) 
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SUBROUTINE HCONT(I,J) 


. HEAT CONTENT OF STREAM BASED ON 32.0 DEG.F. 


C DATUM TEMPERATURE 


COMMON HDUTY(2),DUMP(30),VIS(40),DP(40),DP11(40) ,D10140),VEL(40) 


DUMP (1) =DUMP (J )*( TEMP (J )-32.0) 


RETURN 
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SUBROUTINE HEAT(QR,1yKyL) 


i SOLVENT IN GIVEN TEMPERATURE LIMITS 


COMMON HDUTY(2),DUMP(30),V1S(40) ,DP(40),0P1140),D010(40),VEL(40) 


errr nner ar re re ne noe, inne: 


“COMMON REX(50,8)59(20),0(12) ,DNB(12) yPMET(13),SPHEAT (13 42) ,CP(5) 


COMMON DENS (40) 


COMMON $0LD(25),SGS0L(251,SGH26125),VISCO0S(2542)sCRYT(25) ,TEMPT(2} 


ae 


(Cc THE EXTRACTION TEMPERATURE TQ THE CRYSTALLISATIGN TEMPERATURE 


RR=0.0 


T2=0.0000 


~ QQ=0.0000 | 


SCRY=0.9000 


CALL PPTE(1,K,QQ,RR,T2,SCRY) 


C 


TIMATE -AT REMOVED BY COOLING WATER 


C 


15 QW=H2U0(L)*CP(3)*(TEMPCK)-TEMP(L)) 
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Sse A RE aaa mmm cl 


RR=456.23 


T2=0.0000 
far nent or FEY ETT ET TEER CTS BOT TESA IT 


CRY=0,.9000 


C 


: arate Seat nas eka Lae bee het LE 


16 CALL PPTE(I,K,QB,RR,T2,SCRY) 


3 E=ABS((QR-QB) /OR) | 


7 IF(E.GT.291)G0 TO 16 


6 TEMP7(2)=T2 


21 RETURN 


END 
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| SUBROUTINE HEATBL 


i Ne a ree ea 


i. THI BPROGRAM DIRECTS THE HEAT BALANCE CAL ATIC! 


COMMON GT(301, $1301, SOL (30) 420030) y TOTAL (30), TEMP (30), TEMP2(3) 


COMMON HDUTY( 2) ,DUMP(30),VIS(4C) ,DP(40),D0P1(40) ,DID(40) »VEL(46 


COMMON REX{(50,8),90(20),0112),DN8(12) ,PMET(13),SPHEAT(13 ,2),CP(5) 


“COMMON DENS(4C),DIOPT(49),CAP(10),HP(20),STORE(30),BELT(5,20) 


COMMON SOLD(25),S$G6501(25) »SGH20(25) ,V1ISC05(25,2),CRYT(25),.TEMPT7( 2 


C 


ic “FIND TEMPERATURE OF STREAM 2,1. 


CALL TMIX(11,12225-426550200,-5265) 


~TEMP2(1)=TEMP(2) — 


in FIND TEMPERATURE OF STREAMS 16,17,18 


CALL TMIX(14515)16,4.2155-54,12.45) 


DO) 1 -1=17,18 
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C FIND TEMPERATURE OF STREAM 27 
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CA Me TMIX 8 Zt wed s = 2 — J Ae 
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C FIND TEMPERATURE OF STREAMS 21,22, 23 


: 


CALL TMIX(27 5265 23y-12. 12)-12035)-2344) 
DO 2 J=21,22 
2 TEMP(S)=TEMP(23) 8 = ©. 
EC. 


C FIND TEMPERATURE QF STREAM 4 
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c 


CALL TMIX(126 521, 4,-21.21,-21.4 32,-32.2.21)} 


: 


Rr a es 


c “FIND TOTAL HEAT TO BE REMOVED TO CRYSTALLISE SULPHUR IN SOLVENT 
I ee a i a 
| TEMP7(1)=TEMP(7) 


 QR=0.0000_ 


a HEAT DUTY OF E-2 


CALL HEAT(OR,7,10,8) 


HDUTY(2)=OR 
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AVT=TEMP2{1) 

| SNYTTTETYCTUNT TFT (T7717 aaa 
CALL QBTU(2,P 

CALL QBTU4(QR,2,P) 

Sayre trenparaistenrarani72. 


IN=IN+#1 


IF{INJEQ.4) GO TO 4 


“60 TO 3) 


4 PA=1.23 


. 


C DETERMINATION OF E-1 OUTLET TEMPERATURE 


AVTEMP=(TEMP16)+TEMP(1))/2. 


CALL CPVAL(1,3,AVTEMP) 


CALL QBT PA 


PB=-12.65 
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CALL CPVAL(I2,3,AVT 


CALL QBTU(2, PB) 


PC=-12.23 


AVT=(TEMP(6)+TEMP(4 a 


CALL CPVAL(4,3,AVT} 
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HDUTY(1)=PB*(TEMP(6)-TEMP2(2) )+#PA¥(TEMP(6)-TEMP(1))4+PCx((TEMP(6)-T 
~ TEMP(4)))+ (SCL)*HCRYT) —t—<“i=‘=S™SCS™ 


TEMP 2(3)=(HDUTY(1)/PB)+TEMP2{2) 


C -—S TEMPERATURE OF STREAM 3 = 


TEMP (2)=((HDUTY(1)-S(1)*HCRYT)/PB)+TEMP2( 2} 


CALUCTMOKOS$253,)02257~922659423.32) © © 


RETURN 
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SUBROUTINE HEATOC(T,DELHC) 


TCORR=({( T-32 .)/1.8)4+273.1 
DH=-231.4(1.82*TCORRI-—((1.2*TCORR**2 9/((10.**3)%*2.)) 


lA AR A ne fe rane 


 BEUMO=1 0450561 P1DE2LS32.068)'0),50°. °°) (me 
RETURN 
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END 
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SUBROUTINE OUTPUTISR»,NN»,FByCC,SS) 


# PRINT OUT ROUTINE 


COMMON 01(30),S(30), SOL (30) yH20 (30), TOTAL{ 30), TEMP(30),TEMP2(3) — 


COMMON HDUTY(2),DUMP{30) ,VIS(4C) 


COMMON REX(50+8),90(20),D(12),DNB(12),PMET(13),SPHEAT(13 42),CP(5) 


~ COMMON DENS (40), DIOPT(40),CAP(10),HP(20),STORE( 30), BELT(5;20) 


COMMON CON(2,7),HE(25)9XNT(1792)9VISN(50,2),VOL(10.3),SETDIA(19,2) 
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COMMON EQUIP(3,12,2),UNITCT(40,2) ,XMIX(20) _ 


WRITE(6,1) 


SL FORMATOS/////7/7 412%) "STREAM" 6X5 "ORE FEED" s6X_"SOLVENT's4X_"KEROSE 


"SLURRY", 7X%,*KEROSENE? 


29 "WASH WATER", 3Xy"WATER & ORE'4/,77Xy*SLURRY',//411X5 *FLOWSHEET',/ 
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WRITE(6,6)(SOL(M),M=1,5) 
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‘6 FORMAT(12X_,* SOLVENT! ,4X9F10.1,3XyF1001,3XeF 10019 3XeF lO. 1s 3XeFlOels 
ee ee ees ee rar 
WRITE( 6, 7)(TOTAL(N) »N=],5) Ms 
7 FORMAT(13X5 "TOTAL * 5X,F10.153X%F10.153X9F 1001s 3XeF10.1s3XsFl1 0.1s// 
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9 FORMAT(20xX 


INCE’) 


LO FORMAT(1H1) 
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13X,"WATER & RICH", 2X%_*SULPHUR & y/y38X%y"* SOLVENT" » 7X * WATER" » 7X9"S 
2LVENT ' 9 6X_ "WATER", /, 64X_*MIXTURE!® 96X_ "SLURRY! 9//911X_*FLOWSHEET', / 


3 y12Xy*NUMBER® 910Xq 6% 512Xy 974 412X448" 412X949, 11Xy 8108S //) 
WRITE (6, 3)(S(J),J=6,10 | 


WRITE(6,4)(901(K) ,K=6,10) 
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12 FORMAT(20X,*TABLE',13,5X,*SULPHUR RECOVERY UNIT',3X_'MATERIAL BALA 
WRITE(6,10) 
WRITE(6,13) 


“T3 FORMAT(/////7/7//412%_ "STREAM® 4X5 "LEAN SOLVENT's4X_ "SOLVENT! 6X 'WA 


20 PLANT!’ 44X%,'TO FILTER 's4X,°EX FILTER! »///,11X_*FLOWSHEET',/,12X5° 


“BNUMBER' 9X9 411% ,11X_ "1285 11X_ 413% gL 1Xy'144 gL 1X, 415% //) 


WRITE(6,39S(13),S112),S124) » S115) 55123) 


WRITE(6,4)01(11),01(12),01(24),01(15),01(23) 
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“WRITE(6, 5)H20(11),H20(12) ,H20( 24) pH20(15) 4H20(23) | 


: WRITE(6,7)TOTAL(11),TOTAL{12),TOTAL(24),TOTAL(15),TOTAL(23) 
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WRITE(6,63S50L(22),S0L(21),S0L(20),SOL(19),SOL(17) 


WRITE(6, 8) aaa 


WRITE(6,12)NN 
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WRITE(6,120) 


120 FORMAT(/S/////77525X%_*STREAM* ,8Xy "FEED", 6X_'* THICKENER'y7Xs "WATER! »/ 


1y36X,'TO SULPHUR" 3X, "OVERFLOW 6X, "DISPOSAL" 4/5 36Xy *THICKENER", 18 


2Xy "PUMP FEED" »//.24%, *FLOWSHEET * 5/7 925X5 *NUMBER1 4 9X, * | ne Ze 
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WRITE(65141) ) (G11 JK), JK=25527) 


WRITE(6,142)(0H20(J5L),JL=25,27) 


“WRITE(6,143)(SOL(JE),JL=25,27)) 


| WRITE(165144) (TOTAL( JM) » JM=25,527) 


149 FORMAT (24X_*COMPONENT!,//,25X,"SULPHUR! ,4X,F10.1,;3X,FlOe1,3X,FIC.1 
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142 FORMAT(26X,"WATER',5X%,FiG.1,3Xy9F1lO.1,3XsFl0.1,/) 
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WRITE(4,8) 
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15 FORMAT(///////7/ 519% 
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la//1412X%5 "STREAM y9Xy* STREAM! 56X_ "HEAT CONTENT ',6Xy"STREAM' 4 9Xy'ST 


2REAM* 46Xy*HEAT CONTENT 's/412Xy'NUMBER',6Xy *DESCRIPTION' 56X4'BTU / 


BHR", 8X, "NUMBER* 56X%_ "DESCRIPTION ,6X,*BTU / HR*',//) | 
WRITE(6,16)(DUMP(I),1=1,10) 


16 FORMAT(15X9!1'y3Xy "ORE FEED',12XyF120178X4"16%, 3X," WATER TO POND’, 


OLVENT MAKE UP*,5X,F 


2CKENED TAILINGS", 2X, F1l2019//914X_'13%, 3X_,*COOLING WATER',7X,F1l2e1y 


38X4"20",3X_'SULPHUR PRODUCT ',5X_F12019//,19X%, "HEAT FROM SOLVENT! ,/ 


4y19X_ *HEATER E-1" 910X%yFi2e1y/S//519X5 STOTAL® p15 Xy FIZ ll 3Xy 'TDTA 


515X9F1l2019///420X," PERCENTAGE DIFFERENCE! y3XyFT%oly//420X,"DATUM TE 
~ OMPERATURE's10X_'32.0 DEG. Fe'y///)t—~™S 


WRITE(6,17)NN | 


17 FORMAT(20X_,*TABLE',1395X,*SULPHUR RECOVERY UNIT',3X_,'HEAT BALANCE! 
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ISTREAM SECTION, /7;18X,*NUMBER* 49X,*19,11X,4* 2%? 511 X94*3'g//) 
case Caan Lee eee eee = 


IFIK,EQ.2) GO TO 26 


IF(K.EQ.7) GO TO 21 


Me TYEE TINTS LL UGE COMETS ELL 


22 FORMAT(20X%,12,8X,F7els/) 


GO 76 19 


20 WRITE(6,23)K,(TEMP2(L),i=1,3) © | 


23 FORMAT(26X%,12,8X,Fl01,5XsFlely5XoFleols/) 


6G =hQ+119 


21 WRITE(6,24)K,(TEMPT(M) M=1,2) © 


24 FORMAT(20X%,1258XsF7.1,5X9Flei,/) | 


19 CONTINUE 


K=13 | 
WRITE(6, 22 )KyTEMP(8) 
K=K+1 
“WRITE(6,22)KyTEMP(8) | 
M=23 
DO 25 L=15,19 


arene nen nnrerenmare nn 


WRITE(6,22)L,TEMP(M) 
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WRITE(6,22)KyTEMP(17) ss 
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DO 121 MMI=21,23 


12) MT=MT+1 


WRITE(5,26) 


26 FORMAT(//,20X,"ALL STREAMS ARE MEASURED IN DEGe Fe'y///) 


WRITE(6,27)NN 


27 FORMAT (20X,*TABLE',13,5X,*SULPHUR RECOVERY UNIT',/,33X,"PROCESS OP 


“LERATING TEMPERATURES’) 


WRITE( 6,10) ' 
NN=NN+] 


WRITE(6, 70) 


1s "STREAM SECTION!» /,18X+*NUMBER* »9X,*14911Xs*2%,11X%o'3%,77/) 


BRITE KY p02. 


TFUK.EQ.2) GO TO 72 
PFUKSES.7) GO TO 73 


eh ed cae sce AGG. SS Le 


74 FORMAT(20X%_12,5XsF8.2s/) : 
GONG TT 


72 WRITE(6,75) Ky (DENS{M) M=304 32) 


75 _ FORMAT(20X%5125 5X9 F8.294X 9 F802 4XoF Be 22/) , 
GQ TO 71 


73 WRITE(6,76)K,(DENS(N),N=28,29)—<Ci=‘=CS™S 


6 RMAT X Xe Ff 8e294X oF 8 
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71 CONTINUE 
ee eet ee 
WRITE(6,74)K,DENS(24 


K=K+1 


~ WRITE(6,74)K,;DENS(15) 


00 79 J=D5,19 


ee 
79 M=M-] | 
K=J+1 


2 re eres" 1 eae aT 
KJ=2 
DO 122 KK=25,27 


ee eee 


122 KJ=KJ+1 


WRITE(6,77) 


"77 FORMAT(//;20X,"ALL STREAMS MEASURED IN LBS./CU. FI.'s///) 


WRITE(6,78)NN 


78 FORMAT(20X,' TABLE',13,55Xy*SULPHUR RECOVERY UNIT',3X_'STREAM DENSIT 


Sccnle Cee ey COTY aes 
R 6 ) 


NN=NN#+1 
Seer 


ee eee 
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BO FORMAT L8Xe*STREAM' »14X%,*FLUID VISCOSITY’ 6%» *FLOWSHEET?® 


fe Se ~oe 
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13X_"STREAM! SECTION', /518Xy*NUMBER',9X_*1t,11X_!2%y11Xy'3%y//) 
Seen nn 
IF({K.EQ.10) GO TO 8] , 
IF(K.EQ.2) GO TO 82 
 @ECKSEG.77/60 To 83 @= 2 208=©=——t™S# 


WRITE(6,84)K,VIS(K) | 


84 FORMAT(20X%_12s6XsF7.29/) 


ee ane oe Strive ntti the REN Ha Sac BAB AS acct 


82 WRITE(6,85)K,{(VIS(N) »N=30 5 32) . 
85 FORMAT(20X_1256X9F7.295XsF 70 295KaF7025/) 


GO TO 81 


86 FORMAT(20X_12,6X%sF7e295X,F7.23/) 


“SL5GONTINUE 0.1, =. 
K=13 
WRITE(6,84)K,V1IS{(24) 


a cee ET 


WRITE(6,84)K,VIS{(15) 7 
M=23 


See USea Miah GP A Wieicea be tty 20K, (bal Ton 
RITE(6, 8384) 5J3»VIS(M 
87 M=M-1 


MP=21 
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WRITE(6,34) MP, VIS(KM) 
ss WRN 

WRITE(6, 88) 
88 FORMAT(//,20X,4ALL STREAMS MEASURED IN CPS.',///) 
— WRITE(6,39)NN i st—‘“—sSSS 


89 FORMAT(20X, * TABLE * ,13,5X,*SULPHUR RECOVERY UNIT*, 3x 


LIDEES* } 


NN=NN+ 


WRITE(63200) (XMIX(1IM), IM=1,2),(VOL(6 yMV) »MV=1,2),XMIX(19),HP(12) 


200 FORMAT(////,20Xy "MEAN FLUID RESIDENCE TIME',13X_F7ely2Xy"MINS'9//y 


120X, *NUMBER OF MIXERS*,24X%,F4.55//,20X,"MIXER VOLUME! 


29USG's// y20Xy"VESSEL DIAMETER? »22X 4F8.142Xy"FT%y//420Xy "VESSEL HEI 
— BGHT 4 24X5F82192Ks FT 89/75 20Xy (MOTOR RePoMe' y22X9F10.04//420Xy *MOTO 
4R_HORSE POWER's20X,F8.1)/) 


WRITE(6,201)XMIX(8),XMIX(20) »yXMIX( 15) ,XMIX(14)4XMIX(6)_XMIX{ 16) 


201 FORMAT (20X," IMPELLER TYPE',22X, "TURBINE WITH',/,50Xy "45 DEG. PITCH 


ZETER* »21X,F8ely2Xe*INSe' 9/7 320X,*BLADE WIDTH" »26X%yF8.1,2X5 "INS. ',/ 


eens 


3/,20Xy"DISTANCE OF IMPELLER FROM'y/,20X,'BOTTOM OF VESSEL*,21X9F 8. 


| 5TH' 3 25XyFBe1ls2Xy*INSe'y//S/) 
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FORMAT(20X%, * TABLE? vy see PHUR REC =R ’ ch ae. Q 
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IPECIFICATIGNS') 


“WRITE(6;10) st” 


NN=NN41 


WRITE(5,107) 


107 FORMAT(//) 


: WRITE(6,100) 


1G0 FORMAT(////,16X, *FLOWXSHEET® , 3X, * VESSEL DUTY* »6X_5* VOLUME »5X,"DIA 


LMETER" 4 3X "HEIGHT" y7Xy "MOTOR" s/,17X_ "NUMBER * y26Xq "USSG", 9Xy "FT 8g BX, 
24ET",6X,tHORSE POWER*»///) 


WRITE(6,101L)(VOL(1,535),JJ=1,3 


~ - WRITE(6,106) (VOL{7,L4) ,LM=1, 3) 
WRITE(6,102) {V9 K},JK=1, 3) 


WRITE(6,105) (VOL(3,L™) ,LM=1,3),HP(13) 


WRITE(6,103)(VOL(4,JL) ,JL=1>3) 


. ARTTE(5,1905)(VOL(5,LM) »LM=1,3) ,HP114) 


iG1 FORMAT(19X,*D-1',6X, ‘SOLVENT STORAGE *,2X%5F9.1493X,F6.1,5XsF6.1,//) 


102 FORMAT(19X,"S-1',6X, "RICH SOLVENT 's/,23X,"SEPARATOR AND" y/,28Xy!TA 


23F6.2135XsFS.1,//1} 


103 FORMAT(19X,*S—2',5X,*LEAN SOLVENT*,/,28X%_*SEPARATOR AND! 4/y28Xy *SU 


29F5e155XsF6.1;//) 


agen a bac ae ee es - ae me 
105 FORMAT(28X,"*LOWER PORTION' »4X5,F9.15 3XeF60195XeF6.195XsF el y//) 


05 FORMAT 
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104 FORMAT {20x 


ESSEVSSLZES43 


~ WRITE(6,10) 


NN=NN+1 


eee Sa a 


WRITE(6,95) 


95 FORMAT(//  439X;"HEAT EXCHANGER" ,//316Xy"FLOWSHEET NUMBER# ,22X,? 


LE-2',//,16X,* SERVICE’, 24X,*RICH SOLVENT COOLER! 


WRITE(6;,96) HDUTY (2), (HE(1),1=14,21) 


90 FORMAT(/// 516Xy"TOTAL HEAT DUTY", 14XyF124152X4*BTU/HR'y //16X_4*NU 


ILMBER 


2R UNTT*,LIX,;Fl2e192X%_,*BTU/HR's//516X%,'LOG MEAN TEMPERATURE DIFFERE 


BNCE "9 3XyF70l22Xy"DEGsF e's //y16Xy4AREA PER UNIT'y 20XyF80132Xy SQFT 


5XeF7e1,2Xe*BTU/S(HR)( SQLFTII(DEG.F) 4's //927X_" --- DIRTY',13X%yF7e1,y 2X 


64 *BTU/ CHR) (SQ.FT) (DEG.F) "yg //,16X, "DIRT FACTOR —-— REQUIRED? 413X,F7 


70 452X%_* ({HRI(SQ.FTI(DEG.F)/BTU",// 4 27KX 


BX, *(CHRI(SO.FTI(DEG.F)/BTU',/) 


96 FORMAT 


INDLED*,14X_,*SOQLVENT RECYCLE',2X,*RICH SOLVENT*,/) 


“WRITE (6s 97) TOTAL (2), TOTAL (7), TEMP2(1) p TEMP7(1) » TEMP2 (2) y TEMP7(2) gV 
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97 FORMAT(16X,"FLOW RATE", 7X, *LBS/HR"y 7XsF 12014 3XyFl2ely//916Xy "TEMPE 
~ LRATURES "9 /520X_ ! INLET" y 7X" DEGs Fe" yl 2XoF Tel 9 8XoF Poly //y20Xy "OUTLET 
12XyF%ol 9 8X9F 7019 //916X 


2',6X%,'*DEG.F.' VISCOUS OT s/s 2OXe PNR ETY, 7X WF 


WRITE(6,98)(HE(II), T1=22,23) 


98 FORMAT(16X_*CALCULATED' 1/,16Xy'PRESSURE DROP", 3X_'PSI%,14XsF 701,8X 


i,F7.1,//) ; 
WRITE(6,91)NN 


‘91 FORMAT(20X_*TABLE',13,5X_*SULPHUR RECOVERY UNIT',/,33X,"HEAT EXCHA 
INGER SPECIFICATIONS? ) : 


WRITE(6,10) 


NN=NN41 


WRITE(6, 92) (HE( J) ,J=1,4) ,HE(24),HE(7) , 


G2 FORMAT(////,16X%5* TUBE LENGTH',18X,F5.192X%s*FTe*9//216Xy"*TUBE INSID 


“LE DIAMETER',11XsF50392Xy "INS. %9//916Xy"TUBE OUTSIDE DIAMETER";10X, 


1S PER UNIT's13X5F6.0,//,16X%,*NUMBER OF TUBE PASSES‘, 8X,F4.02/) 


Prverrerme ce mtne rere. 


“WRITE(6,93)HE(11),HE(25) ss 


LE SPACING" ,14XeF6e1l,2X,*INS2'//S//) 
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WRITE(56,10) ne heenh ee sp amnaninsbenneeene ipl 
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NN=NN4#1 


~ WRETE(6, 110) TOTAL(10 ), TOTAL( 15), TOTAL(17)4Q(11),Q(13),9(7) 


IBS/HR*3//73916Xs"TOTAL WASH TO FILTER UNITS*,12X9F10.1,2X,'"LBS/HR*,/ 


— 2/7516X,"TOTAL SOLID PRODUCT EX FILTER UNITS", 3XyF10.1_2Xy'LBS/HR'y/ 


37216X%,'*NUMBER OF FILTER UNITS!» 20X,F5.G9//,16X,"*FILTER DRUM AREA! 


423X9F9s192X,"SQe.FT/UNIT" 5//416X,*DRUM ROTATION SPEED" ,23X9FT7.292X, 


SCP CRT OLE FER Cs ee eT Re ey eee ee 
WRITE (6,111)018),0(14),HP{11) 
111 FORMAT(16X,*PRESSURE DROP ACROSS FILTER*® 215XyF 7e292X_"PSI%_4//y185Xy 


“L*#VACUUM PUMP CAPACITY',/,16X,*AT PUMP INLET CONDITIONS" ,15X_F901)2 


3RL 473 
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112 FORMAT(20X%, 'TABLE*,13,5X,*SULPHUR RECOVERY UNIT*,/,33X%,"ROTARY VAC 


LUUM) FILTER SPECIFICATIONS *) 


NN=NN41 

WRITE(6,50)HDUTY(1) 
WR 6 TOR 
WRITE(6,53)CC 


RITE(6,5 
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WRITE(6,56)NN 
“50 FORMAT(////416Xy "HEAT DUTY's31X9F1201,2X5"BTU/HR' s//) 
FORMAT{16X 


"HEATER THERMAL EFFICIENCY',21X,F6e.1 


52 FORMAT(16X_,'GAS REQUIREMENT! ,28X,F9.152X,"SCF/HR*y//) 


"53 FORMAT(16Xy" HEATING VALUE OF GAS',24X,F8.1,2X,"BTU/SCF's//) 


55 FORMAT(16X,;'PERCENTAGE STOICHIGMETRIC' »/,16X,*AIR REQUIREMENT! ,31X 


a 


LFEGMETATSEK) COOLING WaTee*,. 


56 FORMAT(20X, * TABLE", 13,5X%,*SULPHUR RECOVERY UNIT '»/233X,*SOLVENT RE 


LEVEE HEATER %} 
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WRITE(6,10) 
N=NN+ 
WRITE(6,40) 


© GQ FORMAT(////417X,* PUMP DUTY* 4 7X_ PUMP "4 6X y*CAPACI TY" 8Xy "MOTOR! 9/93 


*NUMBER'? 


| . WRITE(6,41)CAP(1),HPCL) 
Dn TTE(e;421CAP(21,HP2)SSSSSSS 
WRITE (6,43)CAP(3),HP(3 
WRITE(6,44)CAP(4) ,HP(4) 
-)=—'CXWRLTELG S6SIGAP OSL HPESHi. Seer), DENSI LY 
WRITE(6246)CAP(6) sHPL6 
WRITE(6,66)CAP(7) »HP(7) 


WRITE(6,67)CAP(8),HP(B) 


0 
el 
- 
» 
>< 


41 FORMAT(18X_* $0 NT! $ * SLURRY! 6X_! 


.? 7 5 oe | <3 A319 abe 14 “5. inne af i 
(AN, PMA RDS XS OS eapuet g#tyanastup an zan* ake 1) rare rie 
(VN g®HO2\UTH eMSels Hea RA "9G JUJAV DWITASH* XSL) TAMAOFW ES 


/ o 


ne MMe SHA AD2 KGaA SLT ENRS «MTOM IALUD AA ALA ee 
+) IMGATUDGA AIAN KALE inch ile JOATHIIATI! XS LITAMADD 22 


ne i RR (NWN ef edFel 


- 


TTY 2 | KEE. Ve TIMU YAAVOIFA SUS UES he E SZ JFAT* 2 XOS 
(* 93TH agOvOE! | 
Ti bate) lt 5 LO Ia TeRe eres 
(Ooed) TIAN! 
ABOTOM «XB *¥T TOAGAD*s KSe IMU? yXTe YTUG UMUG" eXPE NN\NITAMAGT OF 
93p09 BeZS0M? 4. "M92 Uf eX 'SaI SMR? 
(1)9H, (LP9ADC LA), SdTTIAW 


2 


~(S)9H, (SPSADIS# ,OdSTIAM = 
(3) 9H, (OP9AD( SO edd ITIAW 
TAD GHy CODTADIEDOITIOW 


: 
7 : , 
_ £2) 4 aw, ake P? 2+ 


(T)GHe (TGA IS OITA 


(8) 9M! B99, 21Te +) 7 ns. 
i 7 ' - < 7 


ah 7 : 
p ald 


SOS TIRE ERE ERT TY: 


223 


1F8.157XsF Tels //) 
42 FORMAT(15Xy *WATER/ SOLVENT "y/o 18Xy "SLURRY ' 4/4 16Xy "CIRCULATION! 7 8X 5! 
Waresaid Paeeeeiae 


43 FORMAT(19X,'SLUDGE',/,18Xs "DISPOSAL ',9X_43%, TXeF Sols Xe Flols//) 


i Oe FORMAT 11 oe Pee gp Jel EON) An A tha eel See se eee 
45 FORMAT(15X,*FILTRATE PUMP*,7X_4'5%, 7XsFBele XeF lels//) 


"EG FORMAT(15X_ "COOLING WATER’ g/919Xq FEED" 12Xy '6'y TXpFBel a TXoF Vols // 


OS kl OO oS Ee sere ec 
66 FORMAT(18X,! SULPHUR! ,/,18X%1 "SLURRY 'y/y16X_' CIRCULATION’ »EXe* 1% 1X 


YVRRSLHIE,FT.15//) 


67 FORMAT 


1Fi? 


47 FORMAT 


1CAPACITY & MOTOR SIZES") 
ee er eee 
NN=NAN+ 
WRITE(6,60) 


WRITE (6961) (CONC 14 J) pJ=145) yHP(9) -DENS(1) 


DENS(17 


WRITE(6,63)NN 


GO FORMAT U/////7/1/411X4 "BELT DUTY" 4Xq_ *BELT 'y4Xq "BELT" y 4Xq'BELT #4 6X9 
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293Xe "RISE", 3X4" LENGTH! 3Xy "CAPACITY" 4 3Xy "WIDTH", 3X," SPEED* 4 3X_"HOR 
 BSE',4Xy "DENSITY" /475Xy "POWER" y /y 33X59 FT! 6X9 "FT y5Xy'SeTON/HR' 9 4X 

4p TINS 'y4X_ tET/MIN' 9X9 *LBS/CUSETo '///) . 
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WRITE(6,10) 


NN=NN41 

WRITE( 6,30) . 
30 FORMAT(///,18Xy"STREAM! 43X,"STREAM', 3X,"PIPE DIAMETER', 3X, FLUID’, 
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pe Sn 
IF(1.E9Q.2) GO TO 32 - 
TF(1.EQ.6) GO TO 31 
WR DIOP (iia VEL Ci) DPC) 
34 FORMAT(20X%,12516X,F Gels (XoF lols TXyFBe25/) 
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L=J+29 


35 WRITE(6,36)1,J,DIOPT(L),VEL(L),DP(L) 


SOPPGTSY 
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M=K+27 


37 WRITE(6,36)1,K,DIOPT(M),VEL(M),DP(M) 
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DO 39 J=13,19 
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WRITE(6,34)5,010) MM Mi DP {MM} 


MM=MM-~1 


GO TO 39 
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JPP=26 


DQ 125 JP=22,23 
— WRITE(6334)5P,DIOPT(JPP),VEL(UPP),DP( PP) 
5 _ JPP=jIPP+ 
WRITE(6,38)NN 
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WRITE(6,10) 


WRITE( 6,500) 


50060 FORMAT(////3;20X%,'EQUIPMENT ITEM*,5X, "UNIT COST',8X,*TOTAL COST',/, 


SEE Ty CTV TEEEESEN TE YTT YLT Co ee 


DO 501 I1D=1,2 


501 WRITE(6,502) 1D,(UNITCT(ID,1DD),1DD=1,2) 


“502 FORMAT(24X_"D — '912,8XoF9.0:9X%9F9000/) —i—i—~—s 


DO 503 IDlJ=1,2 


IDTO=1D1+2 


503 WRITE(6,504)1DI,(UNITCT(IDIO,IDID),IDID=1,2) 


WRITE(6,505)(UNITCT(5,10) ,10=1, 2) 


505 FORMAT(24X,!A —  1%)8XsF90029K9F9009/) tS 


DG 506 J00=1,2 Z 


[00D=8-100 


506 WRITE(6,507) 100, (UNITCT(IGOD,10),;10=1,2) 


WRITE(6,508) (UNITCT(8,10),10=1,2) 


~ 508 FORMAT(24X_'F — 1%,8X,F960,9X,FS00n/) 


IPN=1 
DO 509 IPNO=9,17 


WRITE(6,510) IPN, (UNITCT(IPNOsI0),I0=1,2) 
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510 FORMAT(24X,"P - %,1298XsF 9.09 9X F960 9/) 
ICOON=ICON+17 . 
511 WRITE(6,512) ICON, (UNITCT{ICOON, 10), 10=1,2) 
~ 512 FORMAT(24X4'C ~ 1,1278X4F 9009 9X9 F 90 09/) 


WRITE(6, 513)UNITCT(39,2) as: 


523 FORMAT( #7794 X35)" 32-+44-4-—- “4 "4/220X2'SUB TOTAL# 927X9F9sG9/954X3!-- 


WRITEU6, 514)NN 


514 FORMAT(20Xy"TABLE',13,5Xy"SULPHUR RECOVERY UNIT*,/,33X%, "ESTIMATED 
| 48QQEPRENTIG0STS‘}; © 
WRITE(6,16 
WRITE(6, 500) 


“WRITE(6,515)UNITCT(39,2) 
515 FORMAT(20Xs!SUB TOTAL" »27X,F900s/) 
LIPO=1 
Sr TTT 77s T7771 + Sa 
WRITE( 6) 517) LIPO, (UNITCT( IPO» 10)» 10=1,2) ; 
516 LIPO=LIPO+1 
"517 FORMAT(20X,*MOTOR FOR P — 'y12,2X9F9.0;9X9F9.05/) 
RITELS PO. (UNITCT(30510) »10=1 
DO 518 IPCO=1,2 
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519 FORMAT(20X,"MOTOR FOR C - 'y1292XsF 9.01 9XsF9609/) 
~ WRITE(6,521) (UNI TCT(31,10),10=1, 2) 
521 FORMAT(20X»*MOTOR FOR A —  1'32X,F9.0)9X,F9.00/) 
DG [522 HL TT=1,12 
ean 


522 WRITE(6,523) 1TT,(UNITCT(ITIG, 10) 


523 FORMAT(20X,'*MOTOR FOR S - '4,1292X%sF92039X%sF9.07/) 


~WRITE(6,524)UNITCT(40;2) ts 


“WRITE(6;514)NN 


WRITE(6,10) $$ 
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WRITE(6, 800) 
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6SE*y TX eF600,6XeF 10.057) 


FORMAT{(16X 


WRITE(6, 803) (FRACT(ICC),CAPIT{(ICC),1CC=10,11) 


803 FORMAT(16X," INDIRECT COSTS", //,18Xy "ENGINEERING &'y/,18X,*SUPERVIS 


"CONSTRUCTION? 
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WR EVEGA SOPCPOARIDORS YF 15.0, 77,190, SRR ay 


1.0;/) 


WRITE(6,805) (FRACT(1Q),CAPIT(I1Q),10=12,13) 


Ly9X_yF6.0,5X,F190.0,/) 


ee 


TEIXED CAPITAL INVESTMENT? 


WRITE(6,808)FRACT(14),CAPIT(14) 


808 FORMAT(18X,*WORKING CAPITAL 'y 5XoF6s0,6XsF10.0s/) | 
R 6, 809)CAPIT(I7 
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WRITE (6,901) (COSMAN{(NC),NC=1,10) 


901 FORMAT (19X,"RAW MATERIALS" ,6X4F15-04//419Xy *ELECTRICITY® 38X39 F1500y 


1/7 319X 


29X_,"SOLVENT MAKE-UP® 44X4F15.09//75319X, *OPERATING LABOUR! ,3X,F15.05/ 


3/419X)" SUPERVISION' 8X 9F15.09//419Xy "MAINTENANCE ® y8X3F 1500 //919Xq 


4*OPERATING SUPPLIES! *LABORATORY 


HARGES!? 


SSF, I 
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FORMAT 


WRITE(6, 963 )COSMST(5) 


903 FORMAT(L9X,"FIXED CHARGES',28X,F15.0;/)St—=<CSC<CSstCSt*s 


WRITE(6,904)COSMSTi2) “ 


904 FORMAT (19X,"PLANT OVERHEADS® »26X%,F15.0;/) 


~ WRITE(6 5905 )COSMST(3) yCOSMST (6) sCOSMST(7)yCOSMST(4) 


9X 


1%,1X;F15.09//,19X,'R & D CHARGES ,6X,F15.0,//,19X, "INTEREST CHARGE 
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906 FORMAT(19X,*GENERAL EXPENSES',25X,F15.0,//) 


WRITE(6,907)COSMST(8) 
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WRITE(6,908)COSMST(9) 
“908 FORMAT(19X,"PRODUCTION COST PER TON SULPHUR PRODUCT',F19.29//) 
WRITE(6,910)HP(19) ee aes { 
910 FORMAT(19X,*MANUFACTURING COST PER TON SULPHUR PRODUCT',F16.2;//) 


ee oe eek Shi: WEL i bi ad 38) TTS 


909 FORMATI20X 


1UCTION COSTS!) 


NN=NN+1 


WRITE(6,1001)(7POWR(ITU),1T1U=2,5) 


“1001 FORMAT(////,17X4 ELECTRICITY® y8XyF1001,2X_ *KWHR' 9//y1 7X, "COOLING W 


2CF/HR*'s// 1 7Xy*SOLVENT MAKE-UP? ,4X%,F10.192X_"USG/HR'",///) 
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1002 FORMAT(20xX 


LITY REQUIREMENTS!) 
Pe Ce NOS de ONT 


NN=NN#1 


RETURN 
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SUBROUTINE PHASEV (MT,A4,TT) 
— 


a CALCULATES VISCOSITY FOR GIVEN TEMPERATURE 


————————— ee 


c 


COMMON O1(30),S(30), SOL(30) ,H20(30) » TOTAL(30), TEMP(30), TEMP2(3) 


COMMON HDUTY({2) »DUMP(30),VIS{40) ,0P140),DP1( 40) 


COMMON REX(50,8)49(20),0(12) ,ONBI12) »PMET{13),SPHEAT(13 42),CP{5) 


COMMON DENS (40), DIGPT(40),CAP(10),HP (20) STORE( 30), BELT (5520) 


COMME 


4 00 6 LQ=1,25 


TF(CRYT(LQ)-17)6,7,8 ... °°». 


7 A4=VISCOS(LO MT) 
Go To 5 
«8 CALL XINTER(T7,VISCOS(LO,MT) yVISCOS(LQ-1yMT) sCRYTILQ) yCRYT(LO-1) 9A 
LAA} Se ee eee ee 
A4=AAA 
tae arene 


& CONTINUE 
5 RETURN 
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SUBROUTINE PIPE{(LUSGS,EROGS) 


* SIZES Ati PROCESS PIPES 


~ COMMON 01(30),S(30), SOL (30) ,H2G (30) y TOTAL(30), TEMP(30),TEMP2(3) 


COMMON HDUTY (2) »DUMP(30),VIS(40),D0P (40), 9P1(40),D10(40) 


COMMON REX(50,8),0(20),0(12),DNB(12) »PMET(13),SPHEAT(13 ,2),CP(5) 


“COMMON DENS (40);DI0PT(40),CAP(10),HP(20),STORE(30),BELT(5,20) 


COMMON $OLD(25),SGS0L(25),SGH20(25) 


€ DIAMETER CALCULATION © 


og Sak Mets ERR eee ee eT eee eee eet ae 


DO yLlieli=3 32 


iF(11.EQ.7) GO TO 1 


IF(II.FQ9.12) GO TO 1 


4 ny (TELSTRA a ars 
IF(J1.GE.28) JI=7 
IF(11.GE.30) JI=2 


7 47= 
IF(D(K247)-D1)7,8,8 


4: STs TT gemma a aie nace eae oe 


RSPEI SS, a ee a ee ee ee ee a eee? 
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8 VELCII)=(576.*TOTAL (ST) )/ (DENS (11) *3600.*(D(K247) ¥*2) *3.1416) 
[F(IT.EQ. 3) CALL VSET(K247,11,EROGS»LUSGS) 
IF(TI.EQ. 5) CALL VSET(K247,11,EROGS,LUSGS) 
~ TFCIIEQ. 9) CALL VSET(K247,11,EROGS,LUSGS) 
IF(11.6Q.10) CALL VSET(K247,11,EROGS»LUSGS) 
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DIOtTTI)=D(K247) 


L CONTINUE en 
RETURN 


ENDO 
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SUBROUTINE PMUD(1,J3,AV,R} 


~ COMMON G1(30),S(30),S0L(30) ,H20(30) , TOTAL(30) 4 TEMP(30),TEMP2(3) 


40) | 
COMMGN REX(50;8).01260),0D(12),0NB(12) ».PMET(13),SPHEAT(13 ,2),CP(5) 


7 CALL QBTUCI,R) | 


DUMP{T)=R 


RETURN | 
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SUBROUTINE PPTE(1T,K,QQ,RRyT,SCRY) 


C ESTIMATES HEAT REMOVED IN CRYSTALLISING SULPHUR 


C IN DT RANGE OF 0.1 DEG.F. 


COMMON 01130) J 1. (30) ,H20( 30), TOTAL (30) 


COMMON HDUTY(2),DUMP(30),VIS(40),DP(40),DP1(40),D1I0(40),VEL(40) 


COMMON REX(5078),U{20),D(12) DNB(12) yPMET(13),SPHEAT(13 42) ,CP(5) 


COMMON DENS (40), DIOPT(40),CAP(10),HP{(20),STORE(30),BELT(5,29) 


COMMON SOLD(25),SGSOL(25),SGH20 (25), VISCOS(25,2),CRYT(25),TEMP7( 2) 


~ AFtT}iedy2 2 


1 DT=TEMP(1) ane se nea 


CALL SOLUB(TEMP{(1),S0D,1) 


2 tent.) 
112 A=SD 
CALL SOLUB(T,SDs1) 
~ SPPTE=((A/(1.-A))-(SD/(1.-SD)))*SOL(T) 
TAV=(DT+T)/2. 
CALL CPVAL(7,3,TAV) 
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3_ RETURN 


END 


PARRA ANS CORO AIE ALO RSOL ILA DI OMAR AR ESIC CC CR RDI ia ete nnM et eenmteteinamere meré men enines ee an one 


a 


ee 


a a 
- ree Te 
eri tale : 


238 


SUBROUTINE PRICE(AQ,BQ,C9,00) 
en ares mE aot 
RETURN 


END 


en 
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SUBROUTINE PUMP(1,J,KyZ, PUMPEF,XMOTEF, EXDP,P1,P2) 


a PUMP CALCULATION aetna 


C 


COMMON 01 (30),S(30)4SOL(30) ,H20(30), TOTAL (30) y TEMP (30), TEMP2(3) 


COMMON HDUTY(2) »DUMP(30) ,»VIS(40) ,DP(40),D! Qo) 


COMMON REX(50,8),0(20),0(12),DNB(12) ,PMET(13),SPHEAT(13 42),CP(5) 


COMMON DENS (40), DIGPT(40) yCAP(10) yHP 120) y STORE (30) 5 BELT (5320) 


HP(T)=(WO*TOTAL(J))/132600.*550. *PUMPEF*XMDOTEF) 


~ CAPCT)=(TOTAL(JS)*7.48)/(DENS(K)*60.) SS” 


ht A a a 


END 
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SUBROUTINE QBTU(1,W) 


C DETERMINES M CP VALUES FOR A SPECIFIED STREAM 


COMMON 01(30)4S(30), SOL(30) ,H20( 30), TOTAL(30)y TEMP( 30) TEMP2(3) 


COMMON HDUTY(2) ,»DUMP(30),V1IS(40),DP(40) 


COMMON REX(50,8),0(29),0112),DNB(12) »PMET(13),SPHEAT(13 42),CP(5) 


ee 


]) BB=O1(1)*CP(1)+(SO01 (1)+S(1)) *CP(2)+H20( 1) #CP{3) 


GD T0 4 


2 B=SOL(1}*CP(4} .2..4©°.. ° °@ 


BB=8 


GO TO 4 


3 B=OT (1) *CP(1) +S (1 )#CP(5)4H20(1)¥CP (3) +SOL(1)*CP(4) 


BR=B 


4 W=BB 
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ER SS SES en Se eS ee Se ea ee ee a 
SUBROUTINE QBTU2(R,1S,P) 
ey ieee mer 


c DETERMINES M CP DT VALUES FOR A SPECIFIED STREAM oe 
c 
COMMON O1(30), S30), SOL (30) -H20( 30), TOTAL(30), TEMP (30), TEMP2(3)} 
P=R%{TEMP(IS)-32.0) 


RETURN 
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SUBROUTINE QBTU4(QR,IP,RR) 


TEMP2U1P)=(QR/RRIFTEMP2Z(IP-1) 


END 
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SUBROUTINE RATIO(R,ET,CF) 


DETERMINES WATER REQUIRED TO WASH ORE 


C FREE OF SOLVENT 


COMMON HDUTY(2),0UMP(390),VIS(40),DP(40),DP11(40),D1G(40),VEL(40) 


~ COMMON REX(50,8),0(20),D(12) ,ONB(12) »PMET(13)ySPHEAT(13 52) ,CP(5) 


COMMON DENS1(40),DIOPT(40),CAP(10) ,Hi O01 ,5STORE(30),BELTIS 


COMMON SOLD(25),SGS0L(25),S5GH20(25), VISCOS(25,2),CRYT(25),TEMP7(2) 


ee eee 


CALL SOLUB(ET,CC,4) er ee ee 
H20(4)=(SOL(3)*R*CC)/BB 


H20(6)=H20(5) a ee nee 


H20(20)=H20(6)-((G1(6)*(1.-CFI)/CF) 


RETURN 


END 


POM eto een mene eee re AE RRA ORE DEAL DLEDLELLOLOOOLAODOOLOLOEOLOLELELCEREEDRIOLOEEEALEDRIRLLERIAETEDLEDLELURLLELERELHDMELCAODLLLACEELL ALOR ENAMEL PCE A EEROLOLAR COREL ACRE CRRA NE EEEE EE HEA mOw ETE aE 


eel ik i> lr esims rma en pen et ee lla -. 


LOAD ARVs (08 1010s (087190 LOFDFOs COMI TY  (OEVAMUAETS HY TUOH MORMOD 


(2)93e (Se EL) TAIN? y MEL DT IMG: OST DGMG, 15110410590 418 ,02)X3R 


cIT9MaT, (eso T 1H 1525 120eIVeFesvOsHae 125140202 18890102 voMma> 


eerie een erect ore ost s)euJ0e JAD 7 


Ree ae 
AA\ (29*84(F)I02)=(4)0SH 


rT ~~ "Teya shel € )OSH=te OSH 


244 


SUBROUTINE REN(P,Q,825) 


L REYNOLDS NUMBER CALCULATION 


ge mee TE CL PETET APL CNET PE 


RETURN 


END 
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SUBROUTINE RHO(SGSUL,SGOGRE) 


ALCULATES STREAM DENSITIE 


COMMON 01(30),S(30),SOL(30) ,H20(30) , TOTAL (30), TEMP(30),TEMP2(3) 


COMMON HDUTY(2),DUMP (30) ,VIS(40),DP140) 


COMMON REX(56,8),0(26),D0(12),DNB(12) »PMET(13),SPHEAT{13 52),CP(5) 


‘COMMON DENS (40), DIGPT(40),CAP(10),HP( 20), STORE ( 30), BELT(5,20) 


COMMON SOLD125),S6S0L(25) ,5GH20125),VISC0S(25,2) 


DO 1 1=1,27 


ee ee 


T=TEMP(T) 


Sern eG gd ete er ree 


CALL SOLUBI(T,R»4) 
TF(T.EQ.1) GO TO 4 


LPCl .E0.3) Gb 10.4 


IF{1.EQ.9} GO TO 4 


~~ TF(1.EQ.10)G0 TO 4 


1F(1 £90.25) GO 10 4 
E=S07T) /C 


ee tr pan ais enna aaa . 


4 F=S(I 


5 DENS(LI=(TOTAL(1) *62.4)/((SOL(1)/C)+H20(71)/R+( 0101) /SGORE) +E) 
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SOoToul 
ee ee Ree RE Neier ee ee ETT are 
T=TEMP2( 3) ; 
CALL SOLUB(T,A,3) 
PEST TP On = 2 aeen accel 
6 CONTINUE a 
GO TO 1 


3 DOMMOK=BF2 


i... PAMBRATDENS 140) DIOP TISON CAPLIO) HPL 20: SYOOes oem Senos 
CALL SOLUB(T,B, 3) 
ONTINUE 
1 CONTINUE 


RETURN 


END | 
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SUBROUTINE SEIGHT(R,A,1) 


. ESTIMATES WATER REQUIRED To 


C FREE OF SOLVENT 


COMMON HOUTY(2),DUMP(30),V1S(40),DP(40),0P11(49),D10(40),VEL(490) 


COMMON REX(5048)4Q(20),D(12) DNB(12) »PMET(13) y SPHEAT(13. 92)3CP(5) 


COMMON SOLD(25),SGSO0L(25),SGH20(25), VISCOS(25,2),CRYT(25) »TEMP7{ 2) 


ST SEI eae Or RG RY Feo eee Mra 


CALL SOLUB(TEMP(10),8B,3) F 
CALL SOLUB(TEMP(19),€C,4) 


 RetR#COL/BBL OL 


1 H20(T)=R¥A 3 
TOTAL ({T)=H20(1) 
Sager ee TE Ty 


END 
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SUBROUTINE SET2(14)J45K49L4,19+18,110,SGSUL,I7 yFLyFFL;,IMN) 


~~ COMMON REX(50,8) yQ(20),D(12) ONB(12) »PMET (13) SPHEAT(13 42)yCP{(5) 


COMMON DENS(40) ,DIOPT(40 


COMMON SOLD (25),5GS0L(25),SGH20(25),V1ISCOS(25,2),CRYT(25) ,TEMPT12) 


“COMMON -CON(2,7),HE(25))XNT(17,2),VISN(5092}4VOL(10y3) y SETDIA (1052) 


a ie et ee 


C UPPER PORTION OF VESSEL 
C Ss SETTLING VELOCITY GF A SOLID PARTICLE IN SOLVENT PHASE 


C PHASE DENSITIES 


8" 


C 


a tna ee 
CA SOLUB{TEMP Y1,4 


i. 


4 Ca ae ssa a cc 


SIR SSE AES SED REELS 20) ee ee 
CALL PHASEV(1,A1l,TEMP(I4)) 


CALL STOKES(X1,SGSULyA1,DUMP(30),VSP) 


ee ee ee ee 


C RISING VELOCITY OF A SOLVENT PARTICLE IN WATER PHASE 
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~~ CALL PHASEV(2)Bly TEMP(I4)) 
CALL STOKES(Y1,X1»B1,DUMP(29) ,VS) , 
c 
C€  —-SETTLING VELOCITY OF A WATER PARTICLE IN SOLVENT PHASE 
Cc 
CALL STOKES(Y1,X1,A1,DUMP(29),VW) 


& VESSEL DIAMETER 
RS OR cre er oer appre er rae er ra aaa 
K5=K4 
IF(K4.569.7)K5=28 


CALL ARA(VSP;K49SURF(1),K5) 


CALL ARA(VS)J4,SURF1I2),J54) a eS 


SURF (3)=(( FL-FFL) *TOTAL( J4) *DUMP(28) 1/(62.4*Y1*DUMP(17)*3600.) 


Pocererenennmnmenemenecret 


“CALL STOKES(Y1;SGSUL,B1,DUMP(30),VSS) 
ALL ARA(VSS,18,SURF(4), 18 
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| XX=SURF(1) 
= a Ta me 


LF(SURF(JA).GT XX IXX=SURFIJA) 


1 CONTINUE 


“a VESSEL HEIGHT CALCULATION 


TOL TE CT AO” 3 alma eon 5 Re Ne ee ee eee ie ae eee 


VOL(L4,3)=V1i*DUMP(27) 


VOL(L4,3)=VOL(L4,3)+3.06 


VOL(L44+1 ,3)=(( SG SUL-Y1) *D UMP (110 )®DUMP(28 )*TOTAL (54) 1/(3600.*XX* SG | 


1SUL*62.4%*({DENS(19)/62.4)-Y1)) 


VOL(L441,3)=VOL(L4 +1,3)+3.0 


# VESSEL DIAMETER & VOLUME 


c , 


- 
t 


~ VOL(L4,2)=SQRT((4.*XX)/3.1416) ts” 


OL(L4+1,2)=V0 452 


CALL VOLCAL(VOL(L4.3),XX,VOL(L4,1)) 


“CALL VOLCAL(VOL(L44153)9XX,VOL(L441,1)) 


NO 2 ILO00K=1,10 


TF(SETDIACILOOK, 1)-VOL (L412) )2,3,3 


2 CONTINUE | 


HPCIMNJ=SETDIALILOOK, 2 
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RETURN 
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SUBROUTINE SEVEN(I,J5,K) 


a EVALUATES STREAM COMPONENTS AT BRANCHING 


~ COMMON 01(30),S(30), SOL(30) H20(30) , TOTAL(30), TEMP( 30), TEMP2(3) 


; S(T)=S{J)-S(K) 
SOL(1) =SGL{J)-SOL(K) 


~ GDNMIEO POPP OK DUMP 1, 8) 


CALL SUB(I,J,K) 


CAPM OSUMED) 
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SUBROUTINE SOLUBICT,SDyN) 


e ESTIMATES “SQUUBILITY, DENSITY OR VISCOSITY OF STREAM FOR 


C A GIVEN TEMPERATURE 


; DIMENS IGN _A(25),B125) 


COMMGN 01430),5(30), SOL(30} ,H20(30) ,TOTAL(30),TEMP(30), TEMP213) 


“COMMON HDUTY(2),DUMP(30),VIS(40),DP(40),DP1(40),010(40),VEL(40) | 


AEG ES, 


COMMON DENS (40), D10PT(40),CAP(10) ,HP(26),STORE(30),BELT(5,20) 
| -sS COMMON SOLD(25)_SGSOL(25) » SGH20 (25) » VISCOS (2552) sCRYT(25) y TEMPT(2) 
| IFIN.FQ.1)GO TO j 
IF(N.EQ.2)60 TO 2 
ya" 778777 <n e 


IF{N.£9.4)60 70 50 


B ROMAM1, 25 
30 AEVISGRX DOL), 


as =SOL! 


C=CT 


eo eT 


40 DO 41 [1=1,25 


A(1I)=CRYT{(1) 


= 


GO TG 20 
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rn ee ee 
50 SONS PUYS1 525 
 SEUISCRYTOS 
51 B(1)=SGH20(1) 
C=CT 


paetaeok ies? A vibelicyieter Ti EE at aaa tn sc co ye eT GP oe 


: 2 DO VE =1325 
A{T})=SOLD(T) 


rt 


a eieceyi) = | 


GO 70 390 
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|. 23 CONTINUE 
| 30 IF{N.EQ.2)G0 TO 31 


D=E 
GO TO 32 
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RETURI 


END 


eT | crveno2=t098 


—— : ean 

a a ate Oat ee te lg genet titi le 

} ha. Ae (py TYS2=¢ 
LU : 


te to Bil ipa, (ee a _ . net - ee 
leet ins 
iyts @seter es 00. 


- + 


a ~~ =~ rane PT TPT Ts TTY Y | 
(peli -Liast DAs ki= 


lA TEC a 


a 


7) ioe tan pn alee ~~ Te OF GatS.63.0) Toe 


be 


tiie 


ae A et nc 


| 255 


| SUBROUTINE STOKES(X,¥;AyC,VS) 


< STOKES VELOCITY CALCULATION 

c 
MSE 32017#62 24 AB S(X-Y) ¥C¥C)/ (18 0% 00067 2*( (30408) **2)*A) 
| 


4 RETURN a 


| END 
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SUBROUTINE SUB(I,J3,K) 


C EVALUATES STREAM COMPONENTS AT BRANCHING 


H20{ 1) =H20(5)-H201K) 


RETURN 


END 


COMMON O1(30),S(30), SOL(30) ,H20( 30), TOTAL(30),TEMP(30),TEMP2(3) 


‘ 
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SUBROUTINE SUM(1) 


C 


.t SUMS STREAM COMPONENTS 
c 
~ COMMON 01(30),S(30), SOL(30) ,H20( 30), TOTAL(30), TEMP( 30), TEMP2(3) 


TOTAL( 1) =O11 1) +H2017)4S(1)+S0L11) 


RETURN 


END 
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SUBROUTINE TANK( 14,34) 


s SOLVENT STORAGE TANK SIZING 


COMMON REX(50,8),9(26),D(12),DNB(12) ,PMET{(13},SPHEAT(13 ,2),CP{5) 


rte 


COMMON DENS(40),DIOPT(40),CAP(10),HP(20)ySTORE(30),BELT(5;20) 


COMMON CON(297)5HE(25)4XNT(17.2)sVISN(50,2),VOL(10,3) 


VR=(Q(1)#24.%*TOTAL (14) #7248) /DENS( 14) 


VHM=VOL(6,1)*Q(4) 


a tren 


| ~VOL(J4,1)=( VHMFVREVHE)*(0(2)41.0000)sssts—S 


VOL(J34,3)=V9OL(54,2) 
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SUBROUTINE TANK2(L4M,KL,NI,NP,NO,K) 


SOLVENT SEPARATGR SIZING 


~ COMMON O1(30),S(30),SOL(30) ,H20(30) , TOTAL (30) y TEMP( 30) TEMP2(3) | 


COMMON HDUTY{(2) 


COMMON REX(50,8),0(20),D(12),0NB(12) »PMET(13),SPHEAT{(13 ,2),CP(5) 


COMMON DENS{(40)_ DIOPT(40) ,CAP(10),HP(20)ySTORE(30), BELT (5,20) 


COMMON CON(2,7),HE(25),XNT{(1792)+V1ISN(56,2),VOL(10,3) 


a 


me STOKES VELOCITY 
i 


Penner ner ne en 


CALL PHASEV(L,U,TEMP(NI)) 


CALL SOLUBITEMPINI 


————— ai 


CALL SOLUBCTEMP{NI),Y,4) 


~ CALL STOKES(X:¥,U,;DUMP{K),VR) i (‘SCO 


c VESSEL DIAMETER,HFIGHT & CAPACITY 
ALL ARA(VR»KL,AFRA,KL 
VOL(M, 2) =SQRT((4.*AERA)/3.1416) 
m CALL ARAVAERA,KL,VDW,Ki) = = 
=DUMP (NP) *VDW 


CALL VOLCAL(VOL{IM,3),AERA,VOL{M,1)) 
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RETURN 


, END 


7 
Ftd eo A ~* > e 


Jo = di nll neon Oe — aol age SO ae em Sy a a I 
Ret 


> ae a ite am igen iy a 


a 


— a A NN eR memes et 


war at. eeeeeels 


cme . 
Bie ane oe i " whi 


nt oe 


261 


mmm ee 


SUBROUTINE TFIND(A,C,D,1) 


~ COMMON 01030 ),S(30)4 SOL(30) pH20(30) y TOTAL (30) y TEMP (30), TEMP2 (3) 


TEMP(1)=((C-A)/D)+32.0 


a ee 


RETURN 


END | 
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SUBROUTINE TMIX(1,J32KsA,B,C) 


Lig 


DETERMINES THE QUTLET TEMPERATURE OF TWO MIXED STREAMS 


oO 


~ COMMON 01130),S5(30), SOL(30) ,H20(30) , TOTAL (30), TEMP (30), TEMP2 (3) 


COMMON HDUTY(2) ,DUMP(30),VIS(40),DP146 


COMMON REX(5028),0(26),D(12),DNB(12) ,PMET{(13),SPHEAT(13 ,2),CP(5) 


Sp nia a ae aaa 
IT= 
TJ=2 


3 CALL CPVAL(I,1,AV) 
CALL QBTU(I,A) 
CALL CPVAL(J,1,AV) 

m cALL GBTutJ,81—— ~~ 
LFLIT.GT.1)1J=1 
AV=(TEMP(1)+TEMP(3))/2. 

“spy VaTY YT YOR 7 Sa ar ana eee 
CALL QBTULK.C 

CALL QBTU2{A,1,Z) 


ES ERE EY Sgt SRS Core 2 cee eee er ee rere 
CALL QBTU2(ByJyY) 


2 CALL TFIND(ZZ,Y,C,K) 
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IT=I1T+} 


Pe ae ee aes eae eae per dleg sagen tac ahs ele el ha rp cp Saar 


4 RETURN 
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SUBROUTINE TWOONE(IT,JI) 
~ COMMON 01(30),S(30),SOL(30) ,H20( 30), TOTAL( 30) y TEMP( 30) TEMP2(3) 
S( 11 )=S(JT) 


SOL(T1)=SOL(J1) 


a at Fee a eas 


RETURN 
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SUBROUTINE UCLE AN(AA,BB,CC) 


EC OVERALL H/T COEFF. CALCULATION FROM FILM COEFFS. 


se ETRE PET CCE OTR ar aoa 


3 RETURN 


| END 
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SUBROUTINE UTIL 


G PLANT UTILITY & LABOUR COST ESTIMATES 


~ COMMON O1(30),S(39), SOL (30) H20(30), TOTAL(30), TEMP (30) y TEMP2(3) 


COMMON HDUTY (2), DUMP{30),VIS(40),0P(40),DP1(40) 


COMMON REX(50,8),0(29),D(12),DNB(12) »,PMET(13),SPHEAT(13 ,2),CP{5) 


COMMON DENS(40),DIOPT(40),CAP(10) sHP (20) ySTORE(30),BELT(5,20) 


COMMON SOLD(25),SGSO0L125),SGH20(25), VISCOS{ 25,2) sCRYT(25) , TEMPT(2 


COMMGN CON(2,7),HE(25),XNT(1792),VISN(50,2),VOL(10,3),SETDIA(10,2) 


COMMON EQUIP(3,12,2),UNITCT(40,2),XMIX(20) i ai‘; 730A” 


c ORE FEED RATE ~- 


POWR (1)=TOTAL(1)/26000. 


a 


C KWHR REQUIRED 


1 A=A+HP(TA) 


ee ee ee ren ere 


=At+HP 


A=A+(HP(11)*Q(11)94+(HP(12)*XMIX(2)) 
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POWR(2)=A*1.1%*. 7457 


& WATER REQUIRED 


eens re ra rane enrweenrencners cee prawenee: 


~POWR (3) ={TOTAL(24)*7.48)/(DENS(24)¥1000.) 


ae NATURAL GAS 
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POWR (5)={ TOTAL (12)*7.48)/1DENS(12)) 
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OPERATORS PER SHIFT 


RETURN 
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a  —————————— 


SUBROUTINE VACF(IFOQ,1SQG,IDC,L3L,DRy PU) 


‘a 


& VACUUM FILTER DESIGN SEE APPENDIX VII 


ee eS eS ———— —— ———————— __—_0_0000-eoe-—- 


C 


CE GMMON O1 (39), $(30)s SOL (30) ,H20( 30) , TOTAL(30),TEMP(30),TEMP2(3) 


COMMON HDUTY(2) 


COMMON REX(56,8),0(20),0(12) ,ONB(12) ,PMET(13),SPHEAT(13 12),CP(5) 


COMMON DENS (40), DIGPT(40) ,CAP(10),HP(20) ,STORE(30),BELT(5,20) 
W= (TOTAL (ISO) *DENS (IFO) )/TOTAL(IFO) 


ce) ee ee es SS nnn» ms 


O(13)={(TOTAL(1S0)*Q(9)*VIS( 1FO)*2.42)/(Q0(5)*O018)*144.*W*O(11)) 


Qn nn NN a “n 


~~ VOA= (TOTAL (1DC)*Q(6)*VIS (IFO) *O(9))/(Q(5)#0(10)*Q(12)4W) 


P=((3.03%1.4*144.*114.67-0( 8) )*Q(14))/((10.**5)*.4))%1(1114.67)/11 


"14.67-Q(8)))¥¥(.4/104))-1.0000)— tsi‘; 3C;O*W 
HP{L3L)=P/(DR*PU) 


RETURN 
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SUBROUTINE VISAVG(ZZ,YY,XX, WW) 


3 AVERAGE VISCOSITY CALCULATION 


~ XX=(Z24YV9/(2.*WW) 
RETURN 


END 
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SUBROUTINE VOLCALIX,Y,Z) 


L VESSEL VOLUME VCALCULATION IN U. S. GALLS, 


a 


SUBROUTINE VSET(K,1,SGORE,SGSUL) 


oy 


a 


MINIMUM PIPE VELOCITY TO PREVENT SOLIDS FROM 


* SETTLING DETERMINATION SPELLS{74) CORRELATION 


MP{(30),TEMP2(13) 
COMMON HDUTY(2),DUMP(30),V1S140),DP140),DP1(46) ,DIC(40),VEL(40) 


On cam ent 


‘COMMON REX(50,8), (20) ,0(12),0NB(12) »PMET(13)ySPHEAT(13 52) ,CP(5) 


OMMON 


COMMON SOLD(25),5G6S0L(25),SGH20(25),VISCOS(25,2) ,CRYT(25),TEMPT(2) 


ae eee 


CALL SOLUB(TEMP{1),B,4) 


C=0.50 


IF(7.£Q.6)C=S1i7T) 
RHOL={(SO0L(1)4H20(01)4C) /(1(SOL(1)4C0)/A)4(H20(1)78)) 


ee ee 
LF EQ.5) GO T0 


IF{1.EQ.6) GO TO l 


~RHOS=(OI(T)4R)/((OT(TI/SGORE)#(2/SGSUL)) 


RU ES a a eee ee a ae re: 
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C IF MINIMUM VELOCITY NOT EXCEEDED RESIZE LINE 


LF(V-VEL(1))3,354 


4 K=K-1 


Sen NE 2) EEO oy EE eT 


VEL(1)=(576.* TOTAL (11/1 DENS (1)*3500.*(D(K)  **2)%*3,1416 


GO TO 2 


13 K=K+1_ 


3 CONTINUE 


RETURN 


END 
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SUBROUTINE WASH(SCO,SULT,8,F) 


f. WATER BALANCE OVER FILTER 


~ COMMON 01(30), S130), SOL(30) ,H20(30) , TOTAL (30), TEMP(30),TEMP2(3) 


$0L{(13)=S$0L(1G)-SO0L(14) 
5116)=$(14)+$(13) 


H20(10)=($(10)+4S$0L(10))*(TOTAL(306)/(1.-TOTAL (30))) 
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SUBROUTINE XINTER(F,E&,DsC,8,A) 


Deine einen ncrcenemnnecateterennnnrennteeneehnet hh tetnenneneee enn Mb PL OLERECERETANEG LALLOLOCCCEE SEPEETEEEL OL IERESODECEORLEDD OR CLEE LE REALONE TERE UEEL FC LTE tm een hE tA ttRtte ee OnMtE RDO ROR ED ReC et OtGe TE Ht ti reer eters 


C THIS ROUTINE INTERPOLATES BETWEEN TWO POINTS ASSUMING 


C THE CURVE BETWEEN THESE POINTS CAN BE LINEARISED 


A=D+{(E-D)/1C—B) )*(F-B) 


RETURN 


END 
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SUBROUTINE XMIXER(N3,N4,MIX,MX) 


COMMON 01130), S(30) + SOL (30) H20( 30) y TOTAL (30), TEMP (30) TEMP2(3) 


COMMON HDUTY(2) »DUMP(30),VIS(40) ,DP (40) 


COMMON REX(50,8),9(20),D(12),0NB(12) »PMET(13),SPHEAT(13 ,2),CP(5) 


COMMON DENS (40), DIOPT(40),CAP( 10) ,HP(20)ySTORE( 30)y BELT( 5320) 


COMMON SOLD(25), SGSOL{25),5GH20 (25), VISCOS{25, 2) ,C} ; MP7{2) 


COMMON CON(257) sHE(25)_XNT(1792),VISN(5052),VOL(10,3),SETDIA(10,2) 


irks area berermnine none mmrmtend are 


COMMON EQUIP (3,12,2),UNITCT(40,2),XMIX(20) 


VOL(N4,1)=V*7.48 


Foren rents ctnann rrr mene roe 


VOLUNG 9 2)= 0040 #V) /(3.61416*XMIX( 31) 1 **(10/3.) 


VOLIN4,3)=VOLING, 2) *XMIX(3) 


XMIX(20)=VOLUN4,2)*XMIX(4) 


perenne ns nme AAMAROROAR ALAC OS CORNET OLD OROUDTABIOEDSOSNLELEORDPOAEAI AIMS ORES et SD seaabHT nba BE RenoEEETeSteNErEnEed ees rsenInssEcsrnMinnnantDnadpdbesoewenddnmunrmneelPerEnimicaberenbariarcarertodusceroenstasberenecnen 
[F(MIX.EQ.1) GO TO 2 


1 XMIX(19)=XMIX(11)/(3.1416*XM TX{ 25)*60.) 


REYNO={DENSIN3)*XMIX(19) *(XMIX(26)**2))/(VIS(N3)*.000672) 


. 

| 

ee rnn eee arciemeceennoratirencnesnnne sap renwrereceesseverssansnecacsnndawensese 

| GO TO 3 

REYNO=XMIX 

XMIX(19)=(XMIX(11)*VISIN3)*.000672)/(DENSUN3)*(XMIX(20)**2)) 
REX(1P LJ-REYNO) 45525 


4 CONTINUE 
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ee ee ee 


5 PN=REX( IPN, 8) 
erence meinem 


6 CAit XINTER{REYNO,REX{ IPN, 8) ,REX{IPN-1,8),REX{ IPN, 7}, REX(IPN-197) 


1PN) 
7 HP(MX) = (PNEDENS (N3)* (XMIX(19 )#%3 ) *(XMIX (20) ¥%5) ¥XMIX(5))/132017455 
10. 


XMIX(20)=XMIX(20)*12. 


ee ae ie er oe 


XMIX(15)=XMIX(9)*XMIX{(20) 


a 


XMIX(16)=XMIX(7)*VOL ING, 2)*12. 


~ XMIX(19)=XMIX(19) #60. 


RETURN 
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SUBROUTINE XMU 


C CALCULATES STREAM VISCOSITIES 


~~ COMMON G1(30),S(36), SOL(30) ,H20(30) yTOTAL(30), TEMP (30), TEMP2(3) 


COMMON HDUTY{ 2) ,DUMP (30) ,V1IS140) ,DP(40) 


COMMON REX(50,8),0120),D0(12),DNB(12) »PMET{13}),SPHEAT(13 ,2),CP1{5) 


“COMMON DENS(40), DIGPT(40),CAP(10),HP(20) »STORE(30),BELT(5120) 


COMMON SOLD1(25),SGSOL{(25 


D0 1 1=2,27 
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M=2 
IF{SOL{1).GE.H20(1) )M=1 
fF(l.£0.2) GO Ta 2 


ee a ee ee 
IF(1.£Q.7) GO TO 3 


IFC £.EG.19) GO i 1 


~ T=TEMP(I) 
N=I 
CALL PHASEV (M,A1,T) 
SEE TTITT PTC eee 
60 TO 1 
Suan 77777777 ICT 
URD=JT+29 


CALL PHASEV(M,A9,T) 
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VIS(NURD )=A9 
eer Sh ee eeargie Fn gy agrCmnpeeNMnEN TEE Fn ar reer ae 
GO T0 1 
3 D0 6 JTR=1,2 
Ne ft LIE PE ee 
NUB=JTR+27 
CALL PHASEV(M,A42,T)} 
a ama 
6 CONTINUE 
1 CONTINUE 


~ RETURN 
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APPENDIX V 


PLANT MATERIAL BALANCE AND EXTRACTION TEMPERATURE DERIVATIONS 


The important streams in’ the solvent extraction plant for the 
material balance calculation are illustrated in figure 15. The symbols 
shown are used in the following derivations. 

Basis wel b.m Ore. eed eLoeuni tl, 


Given Information: 


Moe  welghe traction) or sulphur in. ore 

y : weight fraction of gypsum etc. in ore 

Sa Y weightepraction-of water in ore 

g : weight fraction of solvent retained on gangue, expressed 


on a sulphur free basis 


r : weight fraction of solvent occluded on gangue 

T. : sulphur crystallisation temperature 

Te : estimated extraction temperature 

a : solvent-ore slurry maximum solids content 

B : solubility of sulphur in solvent for given temperature. 


Mathematical Derivation 

The first step in the material balance calculation is to obtain 
an estimate of the size of the solvent make-up and recycle streams. This 
is achieved by determining the solvent losses in the gangue and product 


streams. 
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The solvent lost in the tailings, assuming complete dissolution 


of the sulphur from the ore, is given by: 


This quantity of solvent, being at the estimated extraction 
temperature Tp, will contain dissolved sulphur. From the solubility 


relationship, the amount of sulphur dissolved can be calculated. 


Be = Ba saetemen (tO) 
E Ba + Bb 
thus. Ba = Be Bb 
E 
Vie 
° tr 


Hence the sulphur reporting in the product stream can be found 
Ddon=15xcG= Ssa Pera ete Oe 
The solvent losses in the product are 


Drh = ROlsn iba) er eee iee) 
Laer 


The maximum solids content of the slurry is specified as q . Knowing 
this parameter the size of the solvent recycle stream can be evaluated. 
For this calculation it is assumed that any sulphur in this recycle 
stream is in the solid form. This is not true, of course, but serves 


to simplify the arithmetic. 


(Es + x + y + s)(1_ - a4) = F + Et hee Cho) 
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equation (13) can be rewritten as 


Et 8 
(__"e + 1G - @ = oF + Eta 60 
Liehp 
( t, 
letting B. = 1 and rearranging 
2 y 
1-80 
Et = Lovee otha se Meee Woe) 
(acy + 1) = 1) 


As F is known for the initial extraction temperature estimate, 
equation 15 can be solved for the solvent recycle quantity, Et. 

Using the information a new extraction temperature can be found 
through the solubility relationship. 
a Oe ee: renal LOD) 
f SE Ge Ee a MN es Negi tee 0 
An iterative solution technique is then employed until no change in the 
extraction temperature estimation takes place. 

Once this temperature has been determined, all the other unknown 
quantities shown in figure 15 can be calculated. This completes the 


material balance derivation. 


If the extraction temperature is calculated to be above 200°F for 
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the given slurry solids content and ore sulphur concentration, it must 
be reduced since there is a possibility of steam formation in the washing 
operation. This conflicts with the design philosophy and should be 
avoided, A high ore sulphur content is responsible for extraction 
temperatures being above 200°F. To lower this temperature, the slurry 
solids content must therefore be reduced. This is achieved by an iterative 
process in which the slurry concentration is lowered in stages until the 
extraction temperature is below 200°F. 

The above description outlines the calculation procedure followed 
by the plant simulation program. It forms the basis of the subroutine 


EXTEMP, 


an se 


Pp 


A re 4 
7 : ae mee ae a a 

om roe = % ala! saints 

; a m i ci ay Ne i 

satsean ads nat solismiot nent 9 10 sue i =o ot 
, 7 iu 
ed bioode bas edaonor ng nated wa ‘oi eas8100 aT 
fold 8TIX9 02 odie. at snsonoo sarigtve ow ttt a 


yale ado Lstusazoques abdd Soot er Pos ots ‘one — i 
- - 7 : 


a a 74, 


7, at 
Jeum 4 pital ih 


a 
evizterott as vd beveldos et eat -beouberx ad stoterods- Jaum inssn0 ® : 
mae = : 
_ ms 
of2 [ijnu esgatea nat botawol gt. nobisinson09 qisila ods: dotite al o =. i ; 
= i 


-9°90S woled ef ratchet Pn: 3H: 
aes 


- bewollot swbes0tq solsaluatss od3 eanilive ooksat stent avods sdT 


entivordue sf3 Yo atesd ond amtot 32 .metgoxq notielumte suai orld yd 


b ob, 
2 — we @ , 2s > *¢ = 
‘ : bd * 
‘2 


a Ate bia! | wt wi lerey oi ib aia 
| well me Aas om nate 


ay? igs " teapot pene 4 
ib te? heme a bis i Pan me 


i] , - 
in i ; oS - ae it _ 


ate? | r oe on i ans ae 
re ein) eae a | | 
; AY : ‘ . a q ; aah 
vy ri 7 


ar 


APPENDIX VI 


PLANT OPERATING ALTERNATIVES 


In the chapter discussing plant optimisation reference was made 
to plant operations for a case with no partial solvent cooler and a 
case with no solvent recovery from the thickened tailings. These 


situations are covered in this appendix. 


Case I : No partial solvent cooler. 


Taking the optimum plant design specification and recalculating 
the cost details, it can be shown that the productiog costs become 
prohibitive. 


The following notes summarise these calculations: 


Extra cooling water required: 
heat to be removed i.e. E-2 heat duty = 19.61 x 10© BTU/hr 


water needed (initial temperature 38.0°F 


{l 


and outlet temperature 73.5°F) 19.61 x 10° 


S555 x Ft 


5.54 x 102 lbs/hr 


il 


annual cost for this quantity of water: 


5,54 x 102’x 7.48 x 8000 x 0.20 


625415, 1000 
=  $106500 
capital saved by not installing heat exchanger, E-2: $88543 


annual reduction in maintenance charges : Ss o540 
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Extra heat required by solvent to attain desired extraction temperature: 


19.61 x 10° BTU/hr 


annual cost 19:61°x 10© x 0.555 x 8000 


21 Ot eLOOO eK sO. 7S 


$127000 


Revised furnace cost: 
total heat duty = 11.78 x 10 + 19.61 x 10° 


31.39 x 10° BTU/hr 


hence revised cost (from Drayer (31)): 


= $70000 


ignoring extra charges for larger water pumps and pipes revised optimum 
plant cost becomes: 
366350 - (88543 + 34448) + 70000 


=- $313360 


total capital investment : $1.468 x 10° 


Revised operating costs: 


cooling water : 40800 + 106500 = $147300 
natural gas : 69500 + 127000 = $196500 
maintenance : 68730 + 2800 

=(3540 + 1380) = $ 66610 


therefore total annual direct manufacturing cost: 


938100 - 68730 + 66610 + 106500 + 127000 


$1169480 


manufacturing price per ton product Seo 
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Case II: No solvent recovery from thickened tailings 

For this case, it is assumed that all of the kerosene occluded 
on the tailings that enter the lower section of the settler, 5S-l, 
remain associated with the ore wastes. 

From the material balance, again for the optimum plant, the 
solvent occluded amounts to 4425 lbs/hr. 

The annual cost to replace this quantity of kerosene is 


Wa25) x6 Ge xt 0% L8Gu xt 8000 
62.4 x 0.79 


= $715000 
Hence revised operating costs: 


total direct production cost 3 SLID 710 


Production Cost per ton, product: : $29.30 
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APPENDIX VII 


ROTARY VACUUM FILTER DESIGN PROCEDURE 


As indicated in the filtration experiments section of chapter V, 
the major resistance to the filtration of the sulphur slurry was provided 
by the filter medium. The specific cake resistance of sulphur could be 
ignored in any experimental calculation. 

This appendix discusses the modifications made to the vacuum 
filter design equations, presented by Peters and Timmerhaus (63), to take 
account of this observation. 

The integrated form of equation 6, Appendix III, assuming K is 


Zero, Lor) the Limits. V%=" 0. te_V and 0 ="0 0.05 is; 


U Ro V 
Sa her saa ea ckyp) 
ASOh. CAP 


For a rotary drum type vacuum filter, having an area of A ft, 


a drum submergence fraction of Fr and a rotation speed of Np r.p.m., the 


above equation can be rewritten as: 


(AAP F,) Ee 
Ve = = Es otera CkO) 
(u RINE rev. 
where Np : drum rotation speed revs. per min. 
£ : filtrate designation 


Since the weight of sulphur cake produced per hour, W, is known from 


the material balance calculations, the drum filter area can be found from: 
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Wo= VeNp w = (AF 5 APw) lbs, 2 pe LD) 
(Re eee) hr 
where w = weight of cake per volume of filtrate, Ube / £2 


Assuming the specific cake resistance to air suction is also negligible, 


the volume of air required to dry the cake can be established from: 


Va Np = (AF, AP) ft? enced) 
(Rn Ma ) hr 
where a : air designation 
Ro : air suction filter media resistance, (hr/£t)2 
F fraction drum area available for air suction 


, 1 
Assuming R, = R 


m? equations 19 and 20 are used for preliminary sizing 


estimates in the plant design subprogram VACF, page 268. 
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Sample ore # Dol. Py 
Wt. 4 Sulphur L5e5 13.55 
wt. % water 8.1 On. 
wt. % gypsum etc. 76.4 123 


*average of three tests 


Table 10. 


Alberta ore major constituents. 
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Wt. 4. sulphur 


ET 
eke.) 
MES 74 
160.9 
13,0 
125 
2a51 
20.0 
24.3 
1350 
2059 
20.4 
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1 
£9..0 
0.0 
44.0 
Oo ek 
50.5 
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wt. 


% gypsum etc. 
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12 
Ono 
920 
84.9 
38150 
100.0 
56.0 
G0n9 
49.5 
55.4 


46.5 


Alberta ore sulphur and gypsum contents on 


water free basis. 
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309 


component kerosene wt % sulphur wt % water wash ratio” 
unwashed Ty ste) 22 0 
cake 
7.6 92.4 0 
water washed Ziel a) ZEOG 
cake 
2.9 7 ik 2.86 
eS) 98.01 7.65 
AS) 98.4 7.05 


* ? 4 ° 3 1s 
water wash ratio is defined as the amount of water used in wasning a 


unit weight of sulphur cake. 


Table 12. Sulphur product purity test results. 
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Table 47. 


Tank Slurry solids 
diameter content 
wt % 
ei 0 
13:0 
Ti29 
ie Ore 


Shaft speed 


Raente 


1005 


LiyS 


1005 


1170 


1005 


1170 


1080 


73 


Motor 


6 Straight 


Blades 


.0287 


0364 


nOZO9 


0401 


0287 


0427 


.0343 


.0466 


Horse Power 


6 Pitched 


Blades 


Oo 


10233 


0183 


0278 


20199 


.0343 


-0206 


.0289 


Comparison of power consumption by different impeller types at 


selected shaft speeds. 


artificial ore sulphur content 


weight of ore used 


quantity of solvent used 


Table 48. 


1000 ml. 


20 he Wie 


125 gms. 


at room temperature 


Ore slurry conditions prior to hot water wash, 
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BAFFLE WALL CLEARENCE 9.0625 INS. 
SUPERFICIAL LIQUID DEPTH 17.6250 INS. 
_-IMPELLER DIAMETER _ | 4.90000 INS. 
DISTANCE OF IMPELLER FROM 


BOTTOM OF TANK 4.21250 INS. 


jn APPELEER. TYPE aes tno it JURBINE WITH 6 
£5 DEG. PITCHED BLADES 


BLADE THICKNESS 0.0938 INS. 


BLADE LENGTH 7 a) 1.5000 INS. 


SLURRY CONCENTRATION 
WT. PERCENT SOLIDS 
S FREE BASIS 15.0 


INCLUDING SULPHUR ay. i oe. 


ULPHUR CONTENT OF ORE 


SLURRY TEMPERATURE 142.0 DEG.F. 


PARAT! PARAMETER 
:. iinet one DANK DIAMETER RATIO se 


LIQUID DEPTH/TANK DIAMETER RATIO La1i0 
EE ee et ee ee es ee 


ee... JLARLE 44. MIXING POWER REQUIREMENTS FOR 
19.2 % WT. SOLIDS KEROSENE-ORE 
SLURRY AT 142.0 DEG.F. 
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APPARATUS DETAILS 


ee a a 


© BAM DIAMETER oo. her icigiht hs ac oe! 


NO. OF BAFFLES 4 
BAFFLE WIDTH 1.2500 INS. 
q BAFFLE THICKNESS —s_—> = 0.1283 INS. 
BAFFLE WALL CLEARENCE 0.0625 INS, 
SUPERFICIAL LIQUID DEPTH 17.6250 INS. 
a \_JMPELLER DIAMETER sitcincnmienn e¢OG0G INS. 
DISTANCE OF IMPELLER FROM 
BOTTOM OF TANK 4.1250 INS. 
4 eee a tVABINE WiiR ee >... 
45 DEG. PITCHED BLADES 
| BLADE WIDTH 0.5625 INS. 
BLADE THICKNESS 0.0938 INS. 
' BLADE LENGTH | | we &-| 2.5006 The, 
SLURRY CONCENTRATION 
WT. PERCENT SOLIDS 
S FREE BASIS 15.0 
: INCLUDING SULPHUR = 1942 
SULPHUR CONTENT OF ORE 25.4 
SLURRY TEMPERATURE 144.0 DEG.F. 


| APPARATUS PARAMETERS 


On ecient ot ee eLE RS TANI DIAMETER RATIO. Os 252. 


LIQUID DEPTH/TANK DIAMETER RATIO 1.110 


Mo ALE AS UMI XING POWER REQUTREMENTS FOR 
19.2 4 WT. SOLIDS KEROSENE-ORE 


SLURRY AT 144.0 DEG.F. 
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APPARATUS DETAILS 


_TANK DIAMETER a 15.8750 INS. 
NO. OF BAFFLES 4 
BAFFLE WIDTH 1.2500 INS. 
BAFFLE THICKNESS  ——s_ 1. 003289 INS. 
BAFFLE WALL CLEARENCE 0.0625 INS. 
SUPERFICIAL LIQUID DEPTH 16.5625 INS. 
: AMPELLER DIAMETER. 4.0000 INS. 
DISTANCE OF IMPELLER FROM 
BOTTOM OF TANK 4.1250 INS. 
IMPELLER TYPE TURBINE WITH 6 oa 
45 DEG. PITCHED BLADES 
BLADE WIDTH 0.5625 _ INS. 
BLADE THICKNESS 0.0938 INS. 
BLADE LENGTH =  - s d5 3000. oes. 
SLURRY CONCENTRATION 
WT. PERCENT SOLIDS 
S FREE BASIS 16.7 
INCLUDING SULPHUR ox 2162 
SULPHUR CONTENT OF ORE 25.4 
SLURRY TEMPERATURE 78.0 DEG.F. 
APPARATUS PARAMETERS 
| _IMPELLER/TANK DIAMETER RATIO. _—s_— 0. 252 A 
LIQUID DEPTH/TANK DIAMETER RATIO 1.043 
a TABLE 46 MIXING POWER REQUIREMENTS FOR. : 


2102 %WTe SOLIDS KEROSENE-ORE 
SCURRY AT 78.0 DEGLE. 
RES HF-585 
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Impeller Tank Slurry solids Shaft speed Motor Horse Power 
size diameter content Repent. 6 Straight 6 Pitched 
wt % Blades Blades 
ou She 0 1005 0287 FOLon 
11/5 0364 20253 
L320 1005 0263 20163 
1170 0401 :0278 
179 1005 Ze 7 2099 
170 0427 0343 
ae iY DZ 1080 0343 0206 
ANTS) 0466 20289 


IBeioylie: 4a7/ Comparison of power consumption by different impeller types at 
selected shaft speeds. 


artificial ore sulphur content : 20% wt. 
weight of ore used : 125 ems. 
quantity of solvent used : 1000 ml. at room temperature 


Table 48. Ore slurry conditions prior to hot water wash. 
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Water to kerosene Water kerosene interfacial 
Ratio by volume condition after stirring 
Wiel no scum present 
O35 some scum present 
O537 some scum present 
0.40 some scum present 
OF0 thick scum formed 
0.56 scum and emulsion together 
0.59 emulsion formed but will 


collapse on mild agitation 


Ono# emulsion formed but will 
collapse on mild agitation 


0.69 emulsion formed but will 
collapse on mild agitation 


ORS stable emulsion formed 


note: critical water to kerosene ratio for no emulsion formation 


isu aport 0,0. 


Table 50), Emulsion build up for kerosene water ore system. 
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time liquid suspension interfacial height 
minutes inches 
0 11.47 220 1 SKS Pe2e 
2D 11.18 Gea2 = = 
S10 - - dodd v2 
4.5 2 = = 7.06 
20) Loe - : = 
1.0 = 8.85 = - 
(ms) 10.39 = = 6.83 
8.0 = = UT S8ie) - 
LOZ0 10.04 - = bs 
OS = 8.49 - = 
P20 = - 6.94 - 
1255 9.68 - = 2 
US. = = = O29 
13.0 Sao 2 he) - - 
18.0 ~ - een 5; 86 
20.0 OD 7.42 = - 
24.0 = 6595 D6 5.40 
2520 (Y) = = 
temperature ° 134 135 [35 126 
Suspension solids 
content wt % Lip eeeS Pa Ue CaS) 18.00 Lone 
settling rate ft/hr 0.736 0.548 GT475 0.425 


Note: No caustic soda added to suspension 


Table 51. 


Sedimentation rate experimental results. 
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és. ae.t 82.8 vets 


00. at 
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7 a nocias SITS PET ey ee 
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time liquid suspension interfacial height 


minutes inches 


11.47 heey] 7.66 
2n0 iLO - - 
e580) = - 7.47 
4.5 10.68 - ~ 
D0 = 8.78 ~ 
yeas) 10218 - = 
S25 - - 6.82 
10.0 - okie} - 
12,0 9.44 - f 
13.0 = - ae 
14.0 : i els) - 
Lo70 8.43 - 5.64 
20,0 = 6.76 - 
24.0 = eieae) 4.86 
temperature °F 128 128 128 
suspension solids 
content wt % Lae P5350 165,50 
settling rate ft/hr 0.857 0.654 Oneal 


Sf) 


Note: caustic soda added to the suspension 


Table 51. 


Sedimentation rate experimental results continued, 
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initial slurry settling rate, initial liquid final liquid settling 
concentration us concen tration, concentration, parameter 
U V U-V 

wt % solids ft/hr lbs Hj0/1b solid lbs H,0/1b solid Uo 
295 On 30 6.73 0.428 8.56 
E5325 0.548 IAPs: 0.428 9.36 
18.00 0.475 4.56 0.428 8.70 
£9 359 0.425 4.12 0.428 S205 
125.9) O76a7 Onis 0.428 Vio 0 
15:90 0.654 5.48 0.428 7.74 
16750 On6Sl 4.41 0.428 Grae 


abilemo Ze Alberta ore tailings settling parameter derivation. 


Average time for settling 22poesecs 212.5 
Initial slurry solids content Do WES 
Initial suspension height 10-74 sins- 
Final suspension height 1 Oe Dai Bis ee 
Calculated settling rate 128 ft/hr + 19 
Temperature 74°F 


Calculated settling rate for 
O.lmm dia. particle using 129 ftyhr, 
Stokes Law 


Tables 53), Sulphur sedimentation test results. 
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Pressure drop Lb ,/in? on9 4.6 
Time seconds Filtrate Volume ml. 
0 0 0 
10 - 2040 
15 oe) = 
30 = 50.0 
40 £45) 40) TORO 
50 - 85.0 
60 6590 937.0 
80 - T2520 
90 105.0 140.0 
100 = 13D%0 
110 - £7020 
120 £5050 180.0 
130 = 19520 
140 - Z1L020 
150 - 22050 
Slope of curve Oer2 On70 
slurry concentration : 32.4 wt % solids 
filter diameter ; 2e Oe Se. 


Table 54. Sulphur filtration results, 
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TEMPERATURE SPECIFIC GRAVITY VISCOSITY Lie 


DEG.F. SOLVENT WATER SOLVENT WATER 


3220 92816 1.006 Labe Less 

50,6 0.800 1.00G 2e22 1 oe 

60.0 0.7195 1.0006 2203 1.2t 

{0.0 02790 0.997 tees 1.01 
1430. OSTBT HOO OsBebes) 80 ee 


80.0 0.785 0.995 te ?l “eee 
90.0 0.781 0.992 1.59 0.82 
94.0 0.780 9.991 1.50 0.79 
100.0 0.778 0.996 Bera 0.74 
110.0 Ovtt 0.989 1.30 0.66 
Ee re ES Lhe Dichin ee IS OME IOS. A220. Gear 
130.0 0.763 0.982 tic 0.55 
135.0 0.762 0.981 1.10 0.52 
140.0 0.760 0.980 1.95 0.50 
150.0 0.756 0.979 0.97 0.46 
155.0 0.753 ‘ 6.977 0.93 0.43 
ae 260.0... e251 0.975 0 
165.90 6.750 3.974 0.86 0.40 
170.0 0.748 0.972 0.84 0.38 
175.0 0.745 0.970 0.79 0.36 
180.0 0.742 6.969 0.77 0.35 
185.0 0.740 0.967 Oya 0.34 
i 190.0 0 7390 985 0-72. 0. eae 
200.0 0.734 0.962 0.66 9.29 
230}0 0.720 9.953 0.54 0.93 
SPECIFIC GRAVITY OF SULPHUR 2.00 
SPECIFIC GRAVITY OF ORE INSOLUBLES 1.65 
VISCOSITY OF AIR AT AMBIENT CONDITIONS 0.018 CPS 
TABLE 55 SULPHUR RECOVERY UNIT 
SPECIFIC GRAVITY €& VISCOSITY DATA 
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TEMPERATURE SPEC ARIG HEAT 


DEG.F. BTU/LB.DEG.F. 


SOLVENT WATER. 


32.0 0.45500 1.00803 

50.0 0.46500 1.00194 

68.0  ——ss—s—s 0647500 0.99947 

86.0 0.48600 0.99866 

104.6 0.49800 0.99869 
122.0 0.50800 0.99919 
140.0 0.51800 1.00007 
158.0 0.52800 1.00131 

mee Ts _..._ 253800 1.00294 


194.0 0.54900 1.005062 
212.0 0.56060 1.00763 
230.90 0.57000 1.90900 
250.0 0.58000 1.01100 


SPECIFIC HEAT OF ORE INSOLUBLES C 222400 


- TABLE 56 SULPHUR RECOVERY UNIT. 
SPECIFIC HEAT DATA 


a 


SEDIMENTATION RATE OF ORE 
INSOLUBLES 0.000152 FT/SEC 
SEDIMENTATION RATE OF 
te UT Oe A otc 99930300  ETYSEC 7 ae 


AoE oF SULPHUR RECOVERY UNIT 
MISCELLANEOUS DATA 
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TEMPERATURE SOLUBILITY 
DEG.F. GMS. S/GM. SOLUTION 


32.0 fy 4 ORO 
50.0 0.0 
60.0 0.0006 
710.0 0.0015 
T4020 0.0026 
ac Ee cto dass wleibeiaidlnmncl AL 
90.0 0.6043 
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TUBE LENGTH 20.0 FT. 
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OTHER PARAMETERS 


Gee Se Se er ee Ws. |. 2 
STORAGE CAPACITY 30.0 DAYS 


OVERDESIGN FACTOR FOR 
STORAGE CAPACITY C.19 


suSAXITMUM NUMBER OF MIXERS Peete. 
OUT OF SERVICE 1. UNITS 


MAXIMUM NUMBER OF HEAT 
EXCHANGERS OUT OF SERVICE i NS 


ALL PUMPING EQUIPMENT IS SPARED 
WITH le EXTRA UNIT 
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ZOOS Hie se Bd Ais Nik eC sal a a 


TPIS ee on no Oo 1S 1 HC Ma TLS | A ae 
ELECTRICITY 0.027 $/KWHR 
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SOLVENT MAKE-UP Cares S/US6 
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OPERATING LABOUR 


NUMBER OF ON-STREAM HOURS 8000. HOQURS/YEAR 
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NUMBER DF OPERATORS PER SHIFT 4. 


ere sco ars eee 


ene a rr cr ee ee ee eee 
TASLE T7 SULPHUR RECOVERY UNIT 
PROCESSING COST DETAILS 


AKWHVA TSOWO 
aay M\2  00S,0_ 
332 .MA2.. BABY... .. 


oeu\t €EL.0 
ene errr re ere = oy pein or aa 
; —RUDBAL ont 
WAIV\@AUDH .0008 2aUOH mAaaraend 3 40 mer, 
oe? Pathe #39 SAOTANAAO 90 ABAML ~ 
on 
AM\@. 278 ~sda - 
7 hh 7, i - 
; : poe.) A he a 
T IMU VAsvOoam AUMS Ue. TY 358AT 


to: pAT 90 Ma oni 229909 


— ee 


407 


PRODUCTION COST ITEMS 


~ a SURERVTSIMN COS) OO ERACTIONURE) BRERATING: LABOUR: ee 
MAINTENANCE 0.04 FRACTION OF FIXED CAPITAL 
OPERATING SUPPLIES 0.01 FRACTION OF FIXED CAPITAL 
LABORATORY..CHARGES.. OS FRACTION. OF OPERATING LABOUR... 
PLANT OVERHEAD 0.60 FRACTION OF OPERATING LABOUR, 
ADMINISTRATION COST 0.15 FRACTION OF OPERATING LABOUR; 
PER VIS TON AND MAI NTENANG ho Oe 
INTEREST RATE 0.09 % CHARGED ON TOTAL CAPITAL 
FIXED COSTS 0.15 FRACTION OF DIRECT COSTS 
SELL INGOOn GSS) 2. BAGr 20,05 FRACTION ME Dineer casts 


RESEARCH AND DEVELOPMENT Ov02 FRACTION DF OLREST Caets 
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RAW MATERIALS AND UTILITIES 


_ MINING COST | | | 1-50 $/TON GRE 
ELECTRICITY 9.9027 $/KWHR 
PROCESS WATER 0.206 $/M USG * 
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SOLVENT MAKE-UP 0.133 $/USG 
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PRODUCTION COST ITEMS 


SUPERVISION OC a Oe LO FRACTION OF GPERATING LABOUR 
MAINTENANCE 0.04 FRACTION OF FIXED CAPITAL 
OPERATING SUPPLIES 0.01 FRACTION GF FIXED CAPITAL 


cde ABORATORY CHARGES 00° 515) FRACTION OF OPERATING LABOUR 


PLANT OVERHEAD 0.60 FRACTION OF OPERATING LABOUR, 
SUPERVISION AND MAINTENANCE 
¢ 
ADMINISTRATION COST 0.15 FRACTION OF OPERATING LABOUR, 
be cnt _2UPERVISTON AND MAINTENANCE 
INTEREST RATE 0.09 % CHARGED ON TOTAL CAPITAL 
FIXED COSTS 6.15 FRACTION OF DIRECT CosTs fF 
4 a SELLING COSTS O05 FRACTION OF DIRECT COSTS 


RESEARCH AND DEVELOPMENT 0.02 FRACTION OF DIRECT COSTS 
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STREAM TEMPERATURE we 
FLOWSHEET STREAM SECTION 
NUMBER 1 Z 3 


| 5 193.7 
“& 162.3 


——aae i a S ~ 4183.3 


: 6 193.3 


7 133.3 104.8 


ee aa aa aaa i an 
9 73.25 
10 4305 


> Sele Ok < OC deseo oe 


1 us 14 38.0 
15 73.1 
16 74.1 
q 17 Khe dl 
18 183.3 
19 183.3 
7 gg : 
21 73.5 
22 73.5 
iq ee 
ALL STREAMS ARE MEASURED IN DEG. Fe 
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STREAM FLUID DENSITY 416 


FLOWSHEET STREAM SECTION 
NUMBER | 2 3 
ee bal): nee es Oli) ss a 
1 100.77 
2 149.13 46.89 45.60 
3 50.07 
4 59.91 
‘ SE TPCT 
6 68.02 
7 46422 48.40 
sehr Seen, : ore 
9 53.25 
19 79.62 
4 oD 49.13 
12 49.61 
13 62.40 
4 : 14 (62440 
15 62.02 
16 62.21 
j AT 60.62, 
Ee ee! |: Cees Cy’ 
19 82.24 
¥ 20 | aes 
21 64651 
| 22 2.0! 
—————— a se 
ALL STREAMS MEASURED IN LBS./CU. FT. 
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| FLOWSHEET STREAM SECTION 
| NUMBER 1 2 3 
| 2 i. 81 0.990 0.63 
q 4 eet 1 
q 5 0.74 
ee. ee” ee eee 
q 7 0274. 1.36 
8 1646 
eee ee hike Oe 
.. 11 8k 
Dz 2203 
Ee | 1-46 
gx ees: ee 14 1.46 
1h 1.00 
16 1.00 
18 0.34 
Zl 0.98 
ie 22 0.98 
23 1.14 
= ALL STREAMS MEASURED IN CPS. L 
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MEAN FLUID RESIDENCE TIME 20.0 MINS 
NUMBER OF MIXERS 3. 
MIXER VOLUME 7 > 8889.6 USG 


VESSEL DIAMETER 11.5 #7 


VESSEL HEIGHT its) 2a 
“MOTGR RPM. oi; (ioe 78. 
MOTOR HORSE POWER Ae 


IMPELLER TYPE TURBINE WITH 
49 DEG. PITCHED BLADES 


NUMBER OF BLADES 6. 
TURBINE DIAMETER 45.5 INS. 
BLADE WIDTH om a 42.2 INSe 73 


DISTANCE OF IMPELLER FROM 
BOLTDOM GF VESSEL 45.5 INS. 


NUMBER OF BAFFLES 4a 


~ | 4 on a a 
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HEAT EXCHANGER 420 
H Nit is 
SERVICE RICH SOLVENT COOLER 
1 HEAT DUTY 96 6 TU/H 
NUMBER OF UNITS 6. PLACED IN SERIES 
HEAT DUTY PER UNIT 3268026.0 BTU/HR 
LOG MEAN TEMPERATURE DIFFERENCE Ziel JDEGVE, 
AREA PER UNIT 4868.2 SQ.FT. 
OVERALL HEAT TRANSFER 
COEPPICIENT --—~ CLEAN 28-4 BTU/(HR)I(SQ.FT)I(DEG.F) 
~——= ODATY 24.2 BTU/(HRI(SQ.FT)(DEG.F) 
DIRT FACTOR --- REQUIRED 0.0050  (HRI(SQ.FT){DEG.F)/BTU 
=m CALCULATED G.0061 fHR)I(SO.FT)(DEG.F)/BTU 
SHELL SIDE TUBE SIDE 
FLUID HANDLED SOLVENT RECYCLE RICH SOLVENT 
FLOW RATE LBS/HR 456080.2 474835.6 
TEMPERATURES 
INLET DEG.F. re Pe 183.3 
OUT DEG.F 04 
VISCOSITY 
INLET CPS 1.81 0. 14 
OUTLET CPS 0.90 1.36 
DENSITY 
INLET LBS/CU.FT. 49.13 46422 
OUTLET LBS/CU.FT. 46.89 48.40 
UE ns 
PRESSURE DROP PSI 525 0.7 
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TUBE LENGTH 20.0 Fi. 


$$$ acc —i— 


TUBE INSIDE DIAMETER 0.620 INS. 
9 TUBE OUTSIDE DIAMETER  #£0.750 INS. 
TUBE PITCH 0.9375 _INS. 
TUBES PER UNIT 1240. 
q NUMBER OF TUBE PASSES 1. 
SHELL INSIDE DIAMETER 37.00 INS. 
BAFFLE SPACING 37.0 INS< 
TABLE 87 SULPHUR RECOVERY UNIT 
HEAT EXCHANGER SPECIFICATIONS 
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4 
TOTAL SLURRY FEED TO FILTER UNITS 35057.4 1LBS/HR 
a ee ae 
TOTAL WASH TO FILTER UNITS 16666.7 LBS/HR 
TOTAL SOLID PRODUCT EX FILTER UNITS 16750.4 LBS/HR 
t 
NUMBER OF FILTER UNITS - 
FILTER DRUM AREA 185.3 SQ.FT/UNIT 
“ PRUM ROTATION SPEED ~~ — 0.50 ioscan sae 
{ 
PRESSURE DROP ACROSS FILTER 5.00 PSI 
i ee _._ V&GBUM PUMP “CAPAGITY® T° 1? Ee ee ee 
AT PUMP INLET CONDITIONS 120.3. CEM 
4 
VACUUM PUMP MOTOR SIZE 3.6 HORSE POWER 
TABLE 88 SULPHUR RECOVERY UNIT 
ROTARY VACUUM FILTER SPECIFICATIONS 
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\) 
HEAT DUTY 11784505.0 BTU/HR 
-—_—_. OOF S118 4505.0 BTU SARE 


PAI ER THERMAL EPRI CUENC Yo cccteuanmnaenee 1329)... 


‘ 
GAS REQUIREMENT 15645.4 SCF/HR 
-_ © Feri ae, SS re 


HEATING VALUE OF GAS ad m wun D3 @O  BIUSSCE 
q 
AIR REQUIREMENT 163904.0 SCF/HR 
PERCENTAGE STOICHIOMETRIC 


AIR REQUIREMENT eS 
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PUMP DUTY PUMP CAPACITY MOTOR 
NUMBER USGPM HORSE POWER 
SOLVENT 
SLURRY 
CIRCULATION 1 1333.4 12.8 

WAT ER/ SOLVENT 

SLURRY 
| CIRCULATION 2 1633.1 14.4 
Eee eee ne ee Mes ne od con ee ee 
| DISPOSAL 3 130.4 3-2 


ee eee eee eee 
| COOLING WATER 
DISPOSAL 4 43225 326 


FILTRATE PUMP e: Tia2 0.9 


COOLING WATER 


| SLURRY 
6 CIRCULATION qT 54.9 C7 


LEAN SOLVENT 


RECYCLE 8 1157.2 19.8 
| 
| TABLE 90 SULPHUR RECOVERY UNIT 
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STREAM STREAM PIPE DIAMETER FLUID PRESSURE DROP, 
FLOWSHEET SECTION NOMINAL BORE VELOCITY PER 1LOOFT LENGTH. 
NUMBER INCHES. FT/SEC OF LINE 
LBS/SQ. IN. 


as —: 18 6.0 ‘235 0.127 
19 40 a8 L4e28 
22 8.0 253 0.09 % 
3 pene: Se aay a eT 
TABLE 92 SULPHUR RECOVERY UNIT 
LINE SIZES & PRESSURE DROPS q 
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EQUIPMENT ITEM UNIT COST TOTAL COST 
UeS. §$ UeS. $ 


eek oe | 10366. © 10366. 
: 487. 487. 
S- l 110822. 110822. 
ae enor = |G 17569. 17569. 
A- 1 B27 Ds 24814. 
E- 1 34448. 34448. 
a Sg" 
F- 1 14607. 14607. 
P- 1 1632. 3263. 
P= 2 1761. 3401. 
Pp - 3 2387. 4774. 
pP- 4 1198. 2397. 


A A SR EN ete 
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TABLE 93 SULPHUR RECOVERY UNIT 
ESTIMATED EQUIPMENT COSTS 
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EQUIPMENT ITEM UNIT COST TOTAL COST 
The: Vabs § 
SUB TOTAL _ | 353138. 
MOTOR FOR Pp - 1 72%. 1444, 


MOTOR FOR P= 2 163. 1526. 


7 ~ MOTOR FOR P - 300 °° 468,00 935, 
MOTOR FOR P - 4 479. 958. 
MOTOR FOR P - 5 404. 808. 

= 2s. ‘MOTOR GFOR (pfS) 6 478. 0COC*~C< SC t”t*t~<“<it:itia 
MOTOR FOR P - 7 397. 793. 
MOTOR FOR P - 8 901. 1802. 

“MOTOR FOR P - 9 — 4810 | (Set 
MOTOR FOR C - 1 454, 454.6 
MOTOR FOR C - 2 392. 392. 

i “MGTSRfOR A- 1 8579. FRE RMei7s6. 
MOTOR FOR S - 1 518s 518. 
MOTOR FOR S - 2 406. 406. 
TOTAL Gee 
TABLE 93 SULPHUR RECOVERY UNIT 

ESTIMATED EQUIPMENT COSTS 
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FRACTION OF COST TOTAL CAPITAL 
PURCHASED INVESTED 4 
EQUIPMENT 

eS 


$ $ 
i 
DIRECT COSTS | 
PURCHASED EQUIP. _ 100. «366348. 
PURCHASED EQUIP. 
INSTALLATION 525 190501. , 
INSTRUMENTATION 9. | aq 745 
PIPING 44 161193. 
ELECTRICS Lt. 40298. 
; M eeCULL DINGS Pe eRe. 
(INC. SERVICES) uve 172184. 
YARD IMPROVEMENTS 10. 36635. F 
SERVICES 55. 201492. 
LAND PURCHASE 6< 21981. 
JOTAL DIRECT PLANT COST ne ee 
INDIRECT COSTS 
ENGINEERING & ‘ 
SUPERVISION a7: 98914, | 
uUSGNSTRUCTION . eae . $2 TORS, eee 
EXPENSE 47s 1721845 
TOTAL DIRECT AND 
INDIRECT PLANT COSTS 1494699, ! 
WGEX TRACTORS FEES sre zocG. I32/Gs2 ee 
CONTINGENCY a7 150203. 
FIXED CAPITAL INVESTMENT 1718170. 
' 
a a ee __ WORKING CAPITAL 83s. 304069 6. - 
TOTAL CAPITAL INVESTMENT 2022239. 
eye ee et i 
TABLE 94 SULPHUR RECBVERY UNIT 
PLANT FIXED CAPITAL INVESTMENT BASED ON 
DELIVERED EQUIPMENT COSTS ‘ 
fl 
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COST ITEM $ $ 430 
RAW MATERIALS 476678. 
ELECTRICITY 16601. 
COOLING WATER 40783. 
NATURAL GAS 69466. 
SOLVENT MAKE-UP 84408. 
DPERATING LABOUR 131400. 
SUPERVISION 13140. 
MAINTENANCE 68727. 
OPERATING SUPPLIES PTiBZ. 
LABORATORY CHARGES 19710. 
DIRECT PRODUCT ION 
COSTS 938093. 
FIXED CHARGES 246162. 
PLANT OVERHEADS 127960. 
ADMINISTRATION COSTS PIII. 
DISTRIBUTION COSTS 82054. 
R_& D CHARGES 328226 
INTEREST CHARGES 182001. 
GENERAL EXPENSES 328867. 
TOTAL PRODUCT COST 1641081. 
PRODUCTION COST PER TON SULPHUR PRODUCT 24.62 
MANUFACTURING COST PER TON SULPHUR PRODUCT 19.68 


TABLE 95 SULPHUR RECOVERY UNIT 
TOTAL. PRODUCTION COSTS 
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ELECTRICITY 76.9 KWHR 
COOLING WATER 25.5 M USG/HR 
 WATURAC GAS ee eee 
SOLVENT MAKE-UP 79.3  USG/HR 
“TABLE 96 . SULPHUR RECOVERY UNIT 
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FIGURE 2: MIXING APPARATUS 
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FIGURE 3: SOLUBILITY CURVE FOR SULPHUR IN KEROSENE 
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17.9% SLURRY TABLE 26 
17.9% SLURRY TABLE 35 


SOLID LINE REPRESENTS 
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FIGURE 9: POWER NUMBER Vs REYNOLDS NUMBER CURVE 
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FIGURE 10: 
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SETTLED HEIGHT INCHES 
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FIGURE 11: SEDIMENTATION CURVES FOR ALBERTA 
ORE TAILINGS WITH ADDED CAUSTIC 
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FIGURE 14: COMPUTER PLANT SIMULATION FLOWSHEET 
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